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PREFACE. 


The  design  of  this  work  is  to  offer  to  the  student  commencing 
the  study  of  Chemistry  an  outline  of  the  general  principles 
of  that  science,  and  a  history  of  the  more  important  among  the 
very  numerous  bodies  which  Chemical  Investigations  have 
made  known  to  us.  It  has  no  pretensions  to  be  considered  a 
complete  treatise  on  the  subject,  but  is  intended  to  serve  as  an 
introduction  to  the  larger  and  more  comprehensive  systematic 
works  in  our  own  language  and  in  those  of  the  Continent;  and 
especially  to  prepare  the  student  for  the  perusal  of  original 
memoirs,  which,  in  conjunction  with  practical  instruction  in 
the  laboratory,  can  alone  afford  a  real  acquaintance  with  the 
spirit  of  research  and  the  resources  of  Chemical  Science. 

The  first  three  editions  were  prepared  by  the  Author,  the  third 
being  nearly  completed  shortly  before  his  death  in  January 
1849,  and  published  at  the  beginning  of  the  following  year, 
under  the  editorship  of  his  friend,  the  late  Dr.  H.  Bence  Jones. 

In  the  six  following  editions,  which  were  edited  by  Dr. 
Bence  Jones  and  Dr.  Hofmann,  a  large  amount  of  new  and 
important  matter  was  added;  and  in  the  tenth  edition  (1 868),  by 
Dr.  Bence  Jones  and  the  present  Editor,  it  was  found  necessary, 
in  consequence  of  the  rapid  advance  of  the  tucieuce,  and  the  great 
changes  which  had  taken  place  in  the  entire  system  of  Chemical 
Philosophy,  to  make  considerable  alterations  and  additions  in 
almost  every  part  of  the  work. 

The  chapter  on  the  General  Principles  of  Chemical  Philo- 
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sopby  WB8  aocordinglj  le-written;  considerable  additions  were 
made  to  the  descriptions  of  the  metals,  especially  those  of  rarer 
occurrence;  and  the  distingnishing  reactions  of  the  several 
metals  were  given  more  fully  than  in  former  editions.  The 
greater  part  of  the  Organic  Chemistry  was  also  re-written, 
especially  the  sections  relating  to  the  Hydrocarbons,  Alcohols, 
and  Acids,  and  the  compounds  belonging  to  each  of  these 
groups  were  arranged  in  series. 

In  the  last  edition,  a  considerable  amount  of  new  matter 
was  added,  chiefly  relating  to  Organic  Chemistry ;  and  as  these 
additions  are  continually  increasing,  it  has  been  found 
necessary,  in  the  present  edition,  to  divide  the  work  into  two 
volumes,  the  first  including  Chemical  Physics  and  Inorganic 
Chemistry,  and  the  second  being  devoted  to  Organic  Chemistry. 

The  plan  adopted  by  the  Author  of  describing  the  non- 
metallic  elements  and  their  compounds  with  one  another, 
before  entering  upon  the  discussion  of  the  general  principles  of 
Chemical  Philosophy,  is  retained,  as  the  understanding  of 
these  General  Principles  is  greatly  facilitated  by  the  previous 
study  of  a  number  of  special  instances  of  their  application; 
but  a  short  statement  of  the  most  important  Laws  of  Chemical 
Combination,  and  of  the  fundamental  principles  of  the  Atomic 
Theory,  is  given  immediately  after  the  description  of  the  com- 
pounds of  oxygen,  in  order  to  introduce  the  student  as  soon 
as  possible  to  the  expression  of  chemical  combinations  and 
reactions  by  Sjrmbolic  Notation. 

The  Weights  and  Measures  used  are  those  of  the  French 

Decimal  System.     Temperatures  are  expressed  in  the  Centigrade 

Scale,  except  where  the  contrary  is  stated.     A  comparative 

Table  of  the  Centigrade  and  Fahrenheit  Scales  is  given  at  the 

end  of  the  first  volume. 

HENEY  WATTS. 

LoMDOH,  Fihruairy  1877. 
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INTRODUCTION. 


The  Science  of  Chemistry  has  for  its  object  the  study  of  the  nature 
and  properties  of  all  the  materials  which  enter  into  the  composition 
or  structure  of  the  earth,  the  sea,  and  the  air,  and  of  the  various 
organised  or  living  beings  which  inhabit  them.  Every  object 
accessible  to  man  is  thus  embraced  by  the  wide  circle  of  Chemical 
Science. 

In  ordinary  scientific  speech  the  term  chemical  is  applied  to 
changes  which  permanently  affect  the  properties  or  characters  of 
bodies,  in  opposition  to  effects  termed  physical,  which  are  not 
attended  by  such  consequences.  Changes  of  decomposition  or  com- 
bination are  thus  easily  distinguished  from  those  temporarily 
brought  about  by  heat,  electricity,  magnetism,  and  the  attractive 
forces,  whose  laws  and  effects  lie  within  the  province  of  Physics  or 
Natural  Philosophy. 

Nearly  all  the  objects  presented  by  the  visible  world  are  of  a 
compound  nature,  being  chemical  compounds,  or  variously  disposed 
mixtures  of  chemical  compounds,  capable  of  being  resolved  into 
simpler  forms  of  matter.  Thus,  a  piece  of  limestone  or  marble,  by 
the  application  of  a  red  heat,  is  decomposed  into  quicklime  and  a 
gaseous  body,  carbon  dioxide.  Both  lime  and  carbon  dioxide  are 
in  their  turn  susceptible  of  decomposition,  the  former  into  calcium 
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and  oxygen,  the  latter  into  carbon  and  oxygen.  For  this  purpose, 
however,  simple  heat  does  not  suffice,  the  resolution  of  these  sub- 
stances into  their  components  demanding  the  exertion  of  a  high 
degree  of  chemical  energy.  Beyond  this  second  step  of  decomposition 
the  efforts  of  Chemistry  have  hitherto  been  found  to  fail;  and  the 
three  bodies,  calcium,  carbon,  and  oxygen,  having  resisted  all 
attempts  to  resolve  them  into  simpler  forms  of  matter,  are  accord- 
ingly admitted  into  the  list  of  elements;  not  from  an  absolute  belief 
in  their  real  oneness  of  nature,  but  from  the  absence  of  any  evidence 
that  they  contain  more  than  one  description  of  matter. 

The  elementary  bodies,  at  present  recognised,  are  sixty-four  in 
number,  and  about  fifty  of  them  belong  to  the  class  of  metals. 
Several  of  these  are  of  recent  discovery,  and  are  as  yet  very  imper- 
fectly known.  The  distinction  between  metals  and  non-metallic 
substances,  although  very  convenient  for  purposes  of  description,  is 
entirely  arbitrary,  since  the  two  classes  graduate  into  each  other  in 
the  most  complete  manner. 

The  names  of  the  elements  are  given  in  the  following  table. 
Opposite  to  them  in  the  third  column  are  placed  certain  numbers, 
which  express  the  proportions  in  which  they  combiue  together,  or 
simple  multiples  of  those  proportions ;  these  numbers,  for  reasons 
which  will  be  afterwards  explained,  are  called  Atomic  or  Indi- 
visible Weights.  In  the  second  column  are  placed  symbols  by 
which  these  weights  are  denoted ;  these  symbols  are  formed  of  the 
first  letters  of  the  Latin  names  of  the  elements,  a  second  letter 
being  added  when  the  names  of  two  or  more  elements  begin  with 
the  same  letter. 

The  names  of  the  most  important  elements  are  distinguished  by 
the  largest  and  most  conspicuous  type ;  those  next  in  importance, 
by  small  capitals ;  while  the  names  of  elements  which  are  of  rare 
occurrence,  or  of  which  our  knowledge  is  still  imperfect,  are  printed 
in  the  ordinary  type.  The  names  with  an  asterisk  are  those  of 
Non-metallic  Elements,  the  others  are  names  of  Metals. 
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Table  of  Elsmentaby  Bodies  with  thbib  Symbols 
AND  Atomic  Weights. 


Name. 

Symbol. 

Atomic 
Weight. 

N«m& 

Symbol. 

Atomic 
Weight. 

ALXnCIHIUM 

Al, 

27-4 

Molybdenum 

Mo 

96 

Antimony  (Sti- 

Nickel 

Ni 

58-8 

bium) 

Sb 

122 

Niobium 

Nb 

94 

Arsenic 

As 

76 

NITBOGEH* 

N 

14 

Barittm 

Ba 

187 

Osmium 

Os 

199*2 

Beryllium 

Be 

9*4 

0XTO£H« 

0 

16 

Bismuth 

Bi 

210 

Palladium 

Pd 

106-6 

Boron* 

B 

11 

PHOSPHOBXrs* 

P 

31 

BSOXUrE* 

Br 

80 

PLATIKinC 

Pt 

197-4 

Cadmium 

Cd 

112 

POTASSIUK 

Csesium 

Cs 

133 

(Rallum) 

K 

39  1 

CALCIUII 

Ca 

40 

Rhodium 

Rh 

104-4 

CABBOH* 

C 

12 

Rubidium 

Rb 

85-4 

Cerium 

Ce 

92 

Ruthenium 

Ru 

104-4 

CHLOBIITS* 

a 

86-5 

Selenium* 

Se 

79-4 

Chromium 

Cr 

62-2 

siLiciinc* 

Si 

28 

Cobalt 

Co 

68-8 

SILYEB  (Argen- 

OOPPEB    (Cu- 

tum) 

Ag 

108 

prum) 

Cu 

68*4 

80DIU1I     (Na- 

Did^mium 

D 

95 

trium) 

Na 

23 

Erbmm 

£ 

112-6 

Strontium 

Sr 

87-6 

TLUOBin* 

F 

19 

SXJLPUUB* 

S 

32 

Gallium 

Tantalum 

Ta 

182 

Gold  (Aurum) 

Au 

197 

Tellurium* 

Te 

128 

HYJDBOGSH* 

H 

1 

Thallium 

Tl 

204 

Indium 

In 

113-4 

Thorinum 

Th 

235 

IODINE* 

I 

127 

TIK  (Stannum) 

Sn 

118 

Iridium 

Ir 

198 

Titanium 

Ti 

50 

IBOn  (Ferrum) 

Fe 

56 

Tungsten,    or 

Lanthanum 

La 

93-6 

Wolfram 

VV 

184 

LEAD   (Plum- 

Uranium 

U 

240 

bum) 

Pb 

207 

Vanadium 

V 

51-2 

Lithium 

Li 

7 

Yttrium 

Y 

61-7 

Magnesixtm 

Mg 

24 

zmo 

Zn 

66-2 

XAHeAHESE 

Mn 

55 

Zirconium 

Zr 

89-6 

XEBOUBT  (Hy- 

drargyrum) 

Hg 

200 

4-  INTBODUOTION. 

It  must  be  distinctly  understood  that  the  atomic  or  combining 
weights  assigned  to  the  elements  are  merely  relative.  The  number  1 
assigned  to  hydrogen  may  represent  a  grain,  ounce,  pound,*gram, 
kilogram,  &c.,  and  the  numbers  assigned  to  the  other  elements 
will  then  represent  so  many  grains,  ounces,  pounds,  grams,  kilo- 
gitune,  &c  Hydrogen  is  taken  as  the  unit  of  the  scale,  because 
its  combining  weight  is  smaller  than  that  of  any  other  element ; 
but  this  is  merely  a  matter  of  convenience ;  in  the  older  tables  of 
atomic  weights  that  of  oxygen  was  assumed  as  100,  that  of  carbon 
being  then  75,  that  of  hydrogen  6*25,  &c.,  &c. 

By  the  combination  of  the  elements  in  various  proportions,  and 
in  groups  of  two,  three,  or  larger  numbers,  all  known  compound 
bodies  are  produced.  And  here  it  is  important  to  state  clearly  the 
characters  which  distinguish  true  chemical  combination  from 
mechanical  mixture,  and  from  that  kind  of  adhesion  which  gives 
rise  to  the  solution  of  a  solid  in  a  liquid.  Bodies  may  be  mixed 
together  in  any  proportion  whatever,  the  mixture  always  exhibiting 
properties  intermediate  between  those  of  its  constituents,  and  in 
regular  gradation,  according  to  the  quantity  of  each  that  may  be 
present,  as  may  be  seen  in  the  fusion  together  of  metals  to  form 
alloys,  in  the  mixture  of  water  with  alcohol,  of  alcohol  with  ether, 
and  of  diflferent  oils  one  with  the  other.  A  solid  body  may  also  be 
dissolved  in  a  liquid — salt  or  sugar  in  water,  for  example — in  any 
proportion  up  to  a  certain  limit,  the  solution  likewise  exhibiting  a 
regular  gradation  of  physical  properties,  according  to  the  quantity 
of  the  solid  taken  up.  But  a  true  chemical  compound  exhibits 
properties  totally  diflferent  from  those  of  either  of  its  constituent 
elements,  and  the  proportion  of  these  constituents  which  form  that 
particular  compound  admits  of  no  variation  whatever.  Water,  for 
example,  is  composed  of  two  elements,  oxygen  and  hydrogen,  which, 
when  separated  from  one  another,  appear  as  colourless  gases, 
dififering  widely  in  their  properties  one  from  the  other,  and  from 
water  in  the  state  of  vapour ;  moreover,  water,  whether  obtained 
from  natural  sources,  or  formed  by  direct  combination  of  its 
elements,  always  contains  in  100  parts  by  weight,  88*9  parts  of 
oyxgen  and  11*1  of  hydrogen.  Common  salt,  to  take  another 
example,  is  a  compound  of  chlorine  and  sodium,  the  former  of 
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which,  in  the  separate  state,  is  a  yellow  gas,  the  latter  a  yellowish- 
white  highly  lustrous  metal,  capable  of  bmning  in  the  air,  and 
decomposing  water ;  moreover,  from  whatever  part  of  the  world  the 
salt  may  be  obtained,  100  parts  of  it  invariably  contain  39 '6  parts  of 
sodium  and  60*4  parts  of  chlorine.  Further,  when  two  or  more 
compounds  are  formed  of  the  same  elements,  there  is  no  gradual 
'  blending  of  one  into  the  other,  as  in  the  case  of  mixtures,  but  each 
compound  is  sharply  defined,  and  separated,  as  it  were,  from  the 
others  by  an  impassable  gulf,  exhibiting  properties  distinct  from 
those  of  the  others,  and  of  the  elements  themselves  in  the  sex)arate 
state.  Thus,  there  are  two  compounds  of  carbon  and  oxygen,  one 
of  which,  containing  3  parts  by  weight  of  carbon  with  4  of  oxygen, 
is  an  inflammable  gas,  lighter  than  atmospheric  air,  and  not 
absorbed  by  solution  of  potash;  while  the  other,  which  contains 
3  parts  of  carbon  and  8  of  oxygen,  is  non-inflammable,  heavier  than 
air,  and  easily  absorbed  by  potash. 


Before  proceeding  with  the  special  description  of  the  several 
elements  and  their  compounds,  it  will  be  convenient  to  give  a 
short  sketch  of  certain  branches  of  Physical  Science,  as  the  physical 
constitution  of  Gases,  and  the  chief  phenomena  of  Heat,  Light,  and 
Electricity,  the  partial  study  of  which  forms  indeed  an  indispen- 
sable Introduction  to  Chemistry. 


PART  L— PHYSICS. 

Of  MX81TT  AlTD  SPtOFK  ORATnT. 


It  kU  gntf  ia^OTUtt  at  Ike  <MtMt  b>  andmbnd  dcmilr  vhst 
U  ntma  if  at  UaM»  imtOf  Ki^  mtri/tt  frmwilf.  Bj  Ok  liauitf 
Y  «  b^  >■  >Mm  fto  aMM,  OT  fMaMjr  ^  sMtltr,  iMBfiised  with  Ifae 
MMP  oti^amity  «f  nalts  of  ■■  tfaal  mimmt  ot  how  BUndatd 

r,  u  onifMKd  wHh  the  wd^  of  an  eqoal  'boEk,  or  TtJciDe.  of 
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with  that  of  water,  it  is  only  Tequisite  to  weigh  equal  bulkB  at  the 
standard  temperatiire,  and  then  divide  the  weight  of  the  Uqaid  by 
the  weight  of  the  water;  the  quotient  will  be  ^;reater  or  less  than 
unity,  as  the  liquid  experimented  on  is  heavier  or  lighter  than 
water.  Now,  to  weigh  equal  bulks  of  two  fluids,  the  simplest  and 
best  method  is  clearly  to  weigh  them  in  succession  in  the  same 
vessel,  taking  care  that  it  is  eqiudly  full  on  both  occasions. 

A  thin  glass  bottle,  or  flask,  with  a  narrow  neck,  is  procured,  of 
the  form  represented  below  (fig.  1),  and  of  such  capacity  as  to  con- 
tain,  when  filled  to  about  half-way  up  the  neck,  exactly  1000 
grains  of  distilled  water  at  15*5°  C.    A  counterpoise  of  the  exact 


ng.i 


Fig.  2. 


weight  of  the  empty  1)ottle  is  made  from  a  bit  of  brass,  an  old 
weight,  or  something  of  the  kind,  and  carefully  adjusted  by  filing. 
The  bottle  is  then  graduated,  by  introducing  water  at  15*5®,  until 
it  exactly  balances  the  1000-grain  weight  and  counterpoise  in  the 
c^posite  scale ;  the  height  at  which  the  water  stands  m  the  neck 
is  marked  by  a  scratch,  and  the  instrument  is  complete  for  use. 
The  liquid  to  be  examined  is  brought  to  the  temperature  of  16-6°, 
and  with  it  the  bottle  is  filled  up  to  the  mark  before  mentioned ; 
it  is  then  weighed,  the  counterpoise  being  used  as  before,  and  the 
specific  gravity  directly  ascertained. 

A  watery  liquid  in  a  narrow  glass  tube  always  presents  a  curved 
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surface,  firom  the  molecular  addon  of  the  glass,  the  concavity  being 
upwards.  It  is  better,  on  this  account,  in  graduating  the  bottle,  to 
make  two  scratches,  as  represented  in  the  %ui^  one  at  the  top 
and  the  other  at  the  bottom  of  the  curve.  The  marks  are  easily 
made  by  a  fine,  sharp,  triangular  file,  the  hard  point  of  which, 
also,  it  may  be  observed,  answers  perfectly  well  for  writing  upon 
glass,  in  the  absence  of  a  diamond  pencil. 

It  will  be  quite  obvious  that  the  adoption  of  a  flask  holding 
exactly  1000  grains  of  water  has  no  other  object  than  to  save  the 
trouble  of  a  very  trifling  calculation;  any  other  quantity  would 
answer  just  as  well,  and,  in  fact,  the  experimental  chemist  is 
often  compelled  to  use  a  bottle  of  much  smaller  dimensions,  from 
scarcity  of  the  liquid  to  be  examined. 

When  the  specific  gravity  of  a  liquid  is  to  be  determined  with 
great  accuracy,  a  case  which  frequently  occurs  in  chemical  inquiries, 
a  little  glass  bottle  is  used,  of  the  form  shown  in  fig.  2.  This 
bottle  is  provided  with  a  perforated  conical  glass  stopper,  most 
accurately  fitted  hj  mnding.  By  completely  filung  the  bottle  with 
liquid,  and  carerally  removing  the  portion  of  liquid  which  is 
displaced  when  the  stopper  is  mserteo,  an  imalteraole  measure  is 
obtained.  The  least  possible  quantity  of  grease  applied  to  the 
stopper  greatly  promotes  the  exact  fitting. 

When  the  chemist  has  only  a  very  small  quantity  of 
a  fluid  at  his  disposal,  and  wishes  not  to  lose  it,  the 
little  glass  vessel  (fig.  3)  is  particularly  useful.  It  is 
formed  by  blowing  a  bulb  on  a  glass  tube.  On  that 
portion  of  the  tube  which  is  narrowed  by  drawing  the 
tube  out  over  a  lamp,  a  fine  scratch  is  made  with  a 
diamond.  The  bulb  is  filled  up  to  this  mark  with 
the  liquid  whilst  it  stands  in  water,  the  temperature  of 
which  is  exactly  known.  A  very  fine  funnel  is  used 
for  tilling  the  bulb,  the  stem  of  the  funnel  being 
drawn  out  so  as  to  enter  the  tube,  and  the  upper 
opening  of  the  funnel  being  small  enough  to  be  closed 
by  the  finger.  The  glass  stopper  is  only  wanted  as  a 
guard,  and  does  not  reauire  to  fit  perfectly. 

The  determination  ojf  the  specific  gravity  of  a  solid 
body  is  made  according  to  the  same  principles,  and 
may  be  performed  with  the  specific-gravity  bottle 
(fig.  2).  The  bottle  is  first  weighed  lull  of  water ; 
the  solid  is  then  placed  in  the  same  pan  of  the  balance,  and  its 
weight  is  determined;  finally,  the  solid  is  put  into  tiie  bottle, 
displacing  an  equal  bulk  of  water,  the  weight  of  which  is  deter- 
mined by  the  loss  on  again  weighing.  Thus  the  weights  of  the 
solid  and  that  of  an  equal  bulk  of  water,  are  obtained.  The  former 
divided  by  the  latter  gives  the  specific  gravity. 


Fig.  8. 
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For  example,  the  weight  of  a  small  piece  of 

diver  wire  was  found  to  be      .  .  96'18  gTains. 

Gbsa  bottle  filled  with  water      ....    294-69      „ 

392-87      „ 
After  an  equal  volume  of  water  waa  displaced  by 
the  ailver,  the  weight  was        ....    363-G4      „ 

Hence  the  din>laced  water  weighed     .  .        9'33      „ 

From  this    the    specific  gravity  of  the  ^  98-18_.^^.-o- 
silver  wire  ia  ....       J    9-33""  " "  ^      " 

Another  highly  ingeniona,  but  less  exact  method  of  determining 
the  speciHc  gravity  of  aolidB,  is  based  on  the  well-biown  theorem 
of  Aichimedes. 

This  theorem  may  be  thus  eipreBsed: 

When  a  solid  la  immersed  in  a  fluid,  it  loses  a  portion  of  its 
weight;  and  this  portion  is  equal  to  the  wei^t  of  the  fluid 
which  it  displaces ;  that  is,  to  the  weight  of  its  own  bulk 
of  that  fluid. 

It  is  easy  to  give  experimental  proof  of  this  very  important  pro- 
position, as wellaa  to  estahligh  it  hy  reasonii^. 
Figure  4  represents  a  little  apparatus  for  the 
former  purpose.  This  consists  of  a  thin  cylin- 
drical vessel  of  brass,  into  the  interior  of  which 
fits  very  accuistely  a  solid  cylinder  of  the  same 
metal,  thus  exactly  filling  it.  When  the  cylin- 
der is  suspended  beneath  the  backet,  as  seen  in 
the  sketch,  the  whole  hung  &om  the  arm  of  a 
balance  and  counterpoised,  and  then  the  cylin- 
der itself  immersed  m  water,  it  will  be  found  to 
have  lost  a  certain  weight ;  and  that  this  loss  is 
precisely  equal  to  the  weight  of  an  equal  hulk 
of  water,  may  then  be  proved  by  filling  tiie 
bucket  to  the  brim,  wbet«upo&  the  equilibrium 
will  be  restored. 

The  consideration  of  the  great  hydrostatic  law 
of  fluid  presBure  easily  proves  the  truth  of  the 
principle  laid  down.  Let  the  reader  figure  to 
himself  a  vessel  of  water,  having  immersed  in 
it  a  solid  cylindrical  or  rectangular  body,  and  so 
adjusted  with  respect  to  density,  that  it  shall 
float  indiflerently  in  any  part  beneath  the  sur- 
face (fig.  5). 
•    Now  the  law  of  fluid  preaanre  is  to  this  effect : 

The  pressure  exerted  by  a  fluid  on  any  point  of  the  containing 
vessel,  or  on  any  point  of  a  body  immersed  beneath  its  surface,  is 
dependent,  firstly,  upon  the  density  of  the  fluid,  and,  secondly, 
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.     — » 


upon  the  vertical  depth  of  the  pcmit  in  question  below  the  sur&ce. 

It  is  independent  of  the  form  and  lateral 
dimensions  of  the  vessel  or  immersed  body. 
Moreover,  o¥dng  to  the  peculiar  physical 
constitution  of  fluids,  this  pressure  is  exerted 
in  every  direction,  upwards,  downwards,  and 
laterally,  with  equal  force. 

The  floating  body  is  in  a  state  of  equili- 
brium ;  ther^ore  the  pressure  downwards 
caused  by  its  gravitation  must  be  exactly 
compensated  by  the  upward  transmitted 
pressure  of  the  column  of  water  a,  b.  But 
this  pressure  downwards  is  obviously  equal 
to  the  weight  of  an  equal  quantity  of  water, 
since  the  body  of  necessity  displaces  its  own  bulk.  Hence  the 
weight  which  a  bod^  loses  when  mmiersed  in,  or  floated  on  water, 
is  equal  to  the  weight  of  the  volume  of  water  displaced  by  that 
body. 

Whatever  be  the  density  of  the  substance,  it  will  be  buoyed  up 
to  this  amount;  in  the  case  supposed,  the  buovanc^  is  equal  to 
the  whole  weight  of  the  body,  which  is  thus,  while  m  the  water, 
reduced  to  notmng. 

A  little  reflection  will  show  that  the  same 
reasoning  may  be  applied  to  a  body  of  irregu- 
lar form ;  besides,  a  solid  of  any  figure  may  be 
divided  by  the  imagination  into  a  multitude  of 
little  perpendicular  prisms  or  cylinders,  to  each 
of  which  the  argument  may  be  applied.  What 
is  true  of  each  mdividually  must  necessarily  be 
true  of  the  whole  together. 

This  is  the  fundajnental  principle;  its  appli- 
cation is  made  in  the  following  manner  :  Let 
it  be  required,  for  example,  to  know  the  specific 
gravity  of  a  body  of  extremely  irregular  form, 
as  a  small  group  of  rock  crystals  :  the  first  part 
of  the  operation  consists  in  determining  its  ab- 
solute weight,  or,  more  correctly  speaking,  its 
weight  in  air;  it  is  next  suspended  from  the 
balance-pan  by  a  fine  horsehair,  immersed  com- 
pletely in  pure  water  at  15*6°,  and  again 
weighed.  It  now  weighs  less,  the  difference 
being  the  weight  of  the  water  it  displaces,  that 
is,  the  weight  of  an  equal  bulk.  This  oeing 
known,  nothing  more  is  required  than  to  find,  by  division,  how 
many  times  the  latter  number  is  contained  in  tne  former;  the 
quotient  will  be  the  density,  water  at  the  temperature  of  15*5°  being 
taken = 1.    For  example  : — 


Fig.  6. 
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The  quarts-erystalB  weigh  in  air        .  .    293*7  grains. 

When  immersed  in  water,  they  weigh       .        .        .180*1      „ 

Difference,  being  the  weight  of  an  eqnal  Tolume  of 

water 113*6     „ 

_ _Z  8s  2*59,  the  specific  gravity  required. 

The  role  is  generally  thus  written  :  ^  Divide  the  weisht  in  air 
by  the  loss  of  weight  in  water,  and  the  quotient  will  be  the  specific 
gravity."  In  reabty  it  is  not  the  weight  in  air  which  is  required, 
but  the  weight  the  body  would  have  in  empty  si)ace:  the  error 
introduced,  namely,  the  weight  of  an  equal  bulk  of  air,  is  so  trifling, 
that  it  is  usually  neglected. 

Sometimes  tne  body  to  be  examined  is  lighter  than  water,  and 
floats.  In  this  case,  it  is  first  weighed,  and  a^terwaids  attached  to 
a  piece  of  metal  heavy  enough  to  sink  it,  and  suspended  from  the 
balance.  The  whole  is  then  exactly  weighed,  immersed  in  water, 
and  again  weighed.  The  difference  between  the  two  weighings 
gives  the  weight  of  a  quantity  of  water  equal  in  bulk  to  both  to- 
gether. The  light  substance  is  then  detached,  and  the  same  opera- 
tion of  weighing  in  air,  and  again  in  water,  repeated  on  the  piece 
of  metaL  These  data  give  the  means  of  miding  the  specific 
gravity,  as  will  be  at  once  seen  by  the  following  example  : — 

Light  substance  (a  piece  of  wax)  weighs  in  air      .    133*7  grains. 

Attached  to  a  piece  of  brass,  the  whole  now 

weighs 183-7      „ 

Immersed  in  water,  the  system  weighs  .        .      38*8     „ 

Weight  of  water  equal  in  bulk  to  brass  and  wax        144^     „ 

Weight  of  brass  in  air  50*0     „ 

Weight  of  brass  in  water 44*4     „ 

Weight  of  equal  bulk  of  water       ....        5*6     „ 

Bulk  of  water  equal  to  wax  and  brass  144*9     „ ' 

Bulk  of  water  equal  to  brass  alone         .        .        .        5*6     „ 

Bulk  of  water  equal  to  wax  alone  .  139*3     „ 

w 

3^*^=0*9598 
139*3 

In  all  such  experiments,  it  is  necessary  to  pay  attention  to  the 
temperature  and  purity  of  the  water,  and  to  remove  with  great 
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care  all  adhering  air-bubbles;*  otherwise  a  false  result  will  be 
obtained. 

Other  cases  require  mention  in  which  these  operations  must  be 
modified  to  meet  particular  difficulties.  One  of  these  happens  when 
the  substance  is  oissolved  or  acted  upon  by  water.  The  difficulty 
is  easily  overcome  by  substituting  some,  other  liquid  of  known 
density  which  experience  shows  is  without  action.  Alcohol  or  oil 
of  turpentine  may  generally  be  used  when  water  is  inadmissible. 
Suppose,  for  instance,  the  specific  gravity  of  crystallised  sugar  is 
required,  we  proceed  in  the  following  way : — The  specific  gravity  of 
the  oil  of  turpentine  is  first  carefully  determined ;  let  it  be  0*87 ;  the 
8U^  is  next  weighed  in  the  air,  then  suspended  by  a  horsehair,  and 
weighed  in  the  oil ;  the  difference  is  the  weight  of  an  equal  bulk 
of  the  latter;  a  simple  calculation  gives  the  weight  of  a  correspond- 
ing volume  of  water : — 

Weight  of  sugar  in  air 400      grains. 

Weight  of  sugar  in  oil  of  turpentine      .        .     182'5 


Weight  of  equal  bulk  of  oil  of  turpentine        217*5 
87  :  100  =  217-5  :  250, 


w 


M 


the  weight  of  an  equal  bulk  of  water :  hence  the  specific  gravity  of 
the  sugar, — 

250 

If  the  substance  to  be  examined  consists  of  small  pieces,  or  of 
powder,  the  method  first  described,  namely,  that  of  the  specific 
gravity  bottle,  can  alone  be  used. 

By  this  method  the  specific  gravities  of  metals  in  powder,  me- 
tallic oxides,  and  other  compounds,  and  salts  of  all  descriptions,  may 
be  determined  with  great  ease.  Oil  of  turpentine  may  be  used 
with  most  soluble  salts.  The  crystals  should  oe  crushed  or  roughly 
powdered  to  avoid  errors  arising  from  cavities  in  their  sul>stance. 

The  specific  gravity  of  a  solid  can  also  be  readily  found  by  im- 
mersing It  in  a  transparent  liquid,  the  density  of  which  has  been  so 
adjusted  that  the  solid  body  remains  indifferently  at  whatever  depth 
it  may  be  placed.  The  specific  gravity  of  the  liquid  must  now  be 
determined,  and  it  will,  of  course,  be  the  same  as  that  of  the 
solid.  It  is  necessary  that  the  liquid  chosen  for  this  experiment 
do  not  dissolve  or  in  any  way  act  upon  the  solid.  Solutions  of 
mercuric  nitrate,  or  corrosive  sublimate,  can  be  used  for  bodies 
heavier  than  water,  whilst  certain  oils,  and  essences,  and  mixtures 
of  alcohol  and  water,  can  be  conveniently  employed  for  such  sub- 

'  *A  simple  plan  of  avoiding  altogether  the  adhesion  of  air-bubbles,  which 
often  are  not  easily  perceived,  consists  in  heating  the  water  to  ebullition, 
introducing  the  body  which  has  been  weighed  in  the  air  into  the  still  boil- 
ing water,  whidi  is  tnen  allowed  to  cool  to  15-5*,  when  the  second  weighing 
is  perfonued. 
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Fig.  7. 


stances  as  have  a  lower  specific  gravity  than  water.  This  method  is 
not  only  adapted  to  the  exact  determination  of  specific  ^vities,  hut 
also  serves  m  many  cases  as  a  means  of  readily  distinguishing 
substances  much  resembling  one  another.  Suppose,  for  mstance, 
a  solution  of  mercuric  nitrate  to  have  a  specific  gravity  3 ;  a  red 
amethyst  (2*67)  will  then  float  upon,  and  a  topaz  of  the  same 
colour  (3'65)  will  sink  in  this  Hquid. 

Hydrometers. — ^The  theorem  of  Archimedes  affords  the  key  to  the 
general  doctrineof  the  equilibrium  of  floating  bodies,  of  which  an 
application  is  made  in  the  common  hydrometer, — an  instrument  for 
finding  the  specific  gravities  of  liquids  in  a  very  easy  and  expeditious 
manner. 

When  a  solid  body  is  placed  upon  lihe  surface  of  a  liquid  speci- 
fically heavier  than  itself,  it  sinks  down  until  it  dis- 
places a  q^uanti^  of  liquid  equal  to  its  own  weight,  at 
which  point  it  floats.  Thus,  in  the  case  of  a  substance 
floating  in  water,  whose  specific  weight  is  one-half  that 
of  the  uquid,  the  position  of  equilibrium  will  involve 
the  immersion  of  exactly  one-naif  of  the  body,  inas- 
much as  its  whole  weight  is  counterpoised  by  a  quan- 
tity of  water  equal  to  naif  its  volume.  If  the  same 
body  were  put  into  a  liquid  of  one-half  the,  specific 
g^ravity  of  water,  if  such  could  be  found,  it  would  then 
sink  beneath  the  surface,  and  remain  indifferently  in  any  part.  A 
floating  body  of  known  specific  gravity  may  thus  be  used  as  an 
indicator  of  the  specific  gravity  of  a  licjuid.  In  this  manner  little 
glass  beads  (fig.  7)  of  known  specific  gravities 
are  sometimes  employed  in  the  arts  to  ascer- 
tain in  a  rude  manner  the  specific  gravity  of 
liquids  ;  the  one  that  floats  indifferently  be- 
neath the  surface,  without  either  sinking  or 
rising,  has  of  course  the  same  specific  gravity 
as  the  liquid  itself ;  this  is  pointed  out  by  the 
number  marked  upon  the  bead. 

The  hydrometer  (fig.  8)  in  general  use  con- 
sists of  a  floating  vessel  of  thin  metal  or  ^lass, 
having  a  weight  beneath  to  maintain  it  m  an 
npiiffht  position,  and  a  stem  above  bearing  a 
diviaed  scale.  The  use  of  the  instrument  ia 
very  simple.  The  liquid  to  be  tried  is  put 
into  a  small  narrow  jar,  and  the  instrument 
floated  in  it.  It  is  obvious  that  the  denser 
the  liquid,  the  hicher  will  the  hydrometer 
float,  because  a  smaller  displacement  of  liquid 
will  counterbalance  its  weight.  For  the  same 
reason,  in  a  liquid  of  less  density,  it  sinks 

deeper.  The  hydrometer  comes  to  rest  almost  immediately,  and 
then  the  mark  on  the  stem  at  the  fluid-level  may  be  read  off. 


Fig.  8. 


u 
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Very  extensive  xu»  is  made  of  instruments  <^  this  kind  in  the 
arts :  they  sometimes  bear  different  names,  according  to  the  kind 
of  liquid  for  which  they  are  intended;  but  the  prmciple  is  the 
same  in  all.  The  graduation  is  very  commonly  arbitrary,  two  or 
tluee  different  scafos  being  unfortunately  used.  These  may  be 
sometimes  reduced,  however,  to  the  true  numbers  expressing  the 
specific  gravity  by  the  aid  of  tables  of  comparison  drawn  up  for 
the  purpose.  (See  Appendix.)  Tables  are  likewise  used  to  reduce 
the  readings  oi  the  hydrometer  at  any  temperature  to  those  of  the 
normal  temperature. 

It  is  much  better,  however,  to  use  a  hydrometer  bavins  the  true 
scale  of  specific  gravities  marked  upon  its  stem.  To  ^puauate  such 
an  inetrument,  a  sufficient  nxmiber  of  standard  pomts  may  be 
deteimined  by  immersing  it  in  liquids  of  known  specific  gravity, 
and  the  small  intervals  between  these  points  diviaed  into  equal 
parts.* 

The  determination  of  the  specific  gravity  of  gases  and  vapours  of 
volatile  liquids  is  a  problem  of  very  great  practical  importance  to 
the  chemist :  the  theory  of  the  operation  is  as  simple  as  when 
liquids  themselves  are  concerned,  but  the  processes  are  much  more 
delicate,  and  involve  besides  certain  corrections  for  differences  of 
temperature  and  pressure,  founded  on  principles  vet  to  be  discussed. 
It  wUl  be  proper  to  defer  the  oonsiaeration  of  these  matters  for 
the  present. 

*  For  an  accurate  method  of  dividing  the  hydrometer  scale  when  only  a 
few  points  are  determined  by  actual  observation,  see  the  article  "  Hydro- 
meter','' by  Professor  Jevons,  in  Watts's  Dictionary  of  CJicmistry,  vol.  ilL 
p206. 
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THE  PHYSICAL  CONSTITUTIOIT  OF  THE  ATMOSPHEBE, 
AND  OF  OASES  IN  GENERAL. 

It  raqniieg  Boiiie  little  abntractioii  oi  mind  to  realiae  completelj  the 
condition  in  which  all  things  at  the  surioce  of  the  earth  exist  We 
live  at  the  bottom  of  an  immense  ocean  of  gaseooB  matter,  which 
envelopes  everything,  and  presses  upon  everything  with  a  force 
which  appears,  at  first  sight,  perfectly  incredible,  bat  whose  actnal 
amount  admits  of  easy  proof. 

Gravity  being,  bo  far  as  ia  known,  common  to  all  matter,  it  is 
natural  to  expect  that  gases,  being  material  substances,  should  be 
acted  upon  by  the  earws  attraction,  as  well  as  solids  and  liquids. 
Thi*  is  really  the  case,  and  the  result  is  the  weight  or  pressute  of 
the  atmosphere,  which  is  nothing  more  than  uie  effect  of  the 
attraction  of  the  earth  on  the  particles  of  air. 

Before  descrilnng  the  leading  phenomena  of  the  atmospheric 
pressure,  it  is  necem&Tj  to  notice  one  veiy  remarkable  feature  in 
the  phrsical  constitution  of  gases,  upon  which  depends  the  prin- 
ciple of  the  air-pnmpi. 

Gases  are  in  the  hiefaeet  degree  elastic;  the  volume  or  space 
which  a  gas  occupies  depends  upon  the  pressure  exerted  npon  it. 
Let  the  reader  imagine  a  cylinder,  a, 
closed  at  the  bottom,  in  which  moves  ^-  '■ 

a  piston  air-tight,  so  that  no  air  can 
escape  between  the  piston  and  the 
cylinder.  Suppose  now  the  piston  be 
pressed  downwards  with  a  certain 
force ;  the  air  beneath  it  will  be  com- 
pressed inio  a  smaller  bulk,  the  amount 
of  this  compression  depending  on  the 
force  applied ;  if  the  power  be  suffi- 
cient, the  bulk  of  the  gas  may  be  thus 
dirainithed  to  one  hundredth  part  or 
less.  When  the  pressure  is  removed, 
the  elasticity  or  tennim,  as  it  is  called, 
of  the  included  air  or  gas,  will  imme- 
diately force  up  the  piston  until  it 
Bnivea  at  its  first  position. 

Again,  take  fig.  9,  b,  and  suppoee  the 
piston  to  stand  about  the  middle  of 

the  cyUnder,  having  air  beneath  in  its  usual  state.  If  the  piston 
be  now  drawn  upwards,  the  air  below  will  expand,  so  as  to  till 
completely  the  increased  space,  and  this  t«  an  apparently  unlimited 
extent.  A  volume  of  air,  whipli,  under  ordinary  circumstances, 
occuptw  the  bulk  of  a  cubic  inch,  might,  by  the  removal  of  the 
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a  Bhrinking  down  of  Ihe  air  to  its  tonuer  hulk.  The  BUialket 
portion  of  gas  introduced  into  a  large  exhausted  vessel  becomes  at 
once  ditFiued  through  the  whole  space,  on  equal  quautity  \miig 
present  in  every  part ;  the  vessel  is  fiUl  dthongh  the  uas  is  in  a 
state  of  extreme  tenuity.  This  power  of  expansion  whicJi  air  poa- 
Beggea  may  have,  and  probaLly  lu8,  in  reality,  a  limit;  but  the 
limit  is  never  reached  in  practice.  We  are  quil«  safe  in  the 
assumption,  that  for  all  purposes  of  experiment,  however  refined, 
"'"  'i  perfectly  elastic. 

ix  usual  to  asHign  a  reason  for  this  indefinite  expoiuibility  by 
escribing  to  the  particles  of  material  bodies,  when  in  a  gaseona 
state,  a  self-iepuMve  agency.  The  statement  is  commonly  made 
somewhat  in  tnis  manner :  matter  is  under  the  influence  of  two 

Sposite  forces,  one  of  which  tends  to  draw  the  porlicles  together, 
:  other  to  separate  them.  By  the  preponderance  of  oue  or  other 
of  these  forceH,  we  have  the  three  states  called  solid,  Liquid,  and. 
g&seouB.  When  the  particles  of  matter,  in  consequence  of  the 
direction  and  strength  of  theii  mutual  attractions,  possess  only  a 
very  alight  power  of  motion,  a  aolid  substance  results;  when  the 
forces  are  nearly  balanced,  we  have  a  liquid,  the  particles  of  which 
in  the  interior  of  the  mass  ore  free  to  move,  but  yet  to  a  certain 
extent  are  held  together ;  and,  lastly,  when  the  attractive  power  seems 
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forces  open  the  tipper  voire,    and  escapes  into  the  t 

In'  this  manner  a  cylinder  full  of  aii  is  remored  from  the  r 

at  every  stroke  of  the  pump.    Duiing  the  descent  of  the  pialou,  the 


upper  valve  remains  open,  and  the  lower  cloaed,  and  the  reverse 
during  the  opposite  movement 

In  practice,  it  is  very  convenient  to  have  two  such  bartels  or 


cylinders,  arranged  nAe  by  side,  the  piston-rods  oi  which  are 
formed  into  racks,  havine  a  pinion  or  small-toothed  wheel  betweeo 
them,  moved  by  a  win^    By  this  contrivance  the  operation  of 
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exfaaiutioii  is  much  fMilitatgd,  and  the  Uboor  leasened.     The 
arrangement  is  shown  in  fig.  11. 

Atmoapheirie  Frawore — The  Baiomeiflr. — ^Air  has  weight ;  a  light 
flask  or  ^lobe  of  glass,  famished  with  a  stop-cock  and  exhausted 
hy  the  air-pnmp,  weighs  considerably  leas  than  when  fall  of  air. 
If  the  capacity  of  the  vessel  be  equal  to  100  cubic 
Fig.  11.      inches,  this  dinerence  may  amount  to  nearly  90  grains. 
After  what  has  been  said  on  the  subject  of  fluia  pres- 
sure, it  will  scarcely  be  necessary  to  observe  that  the 
law  of  eauality  of  pressure  in  all  directions  also  holds 
good  in  tne  case  of  the  atmosphere.    The  perfect  mobi- 
uty  of  the  particles  of  air  permits  the  transmission  of 
the  force  generated  by  their  gravity.    The  sides  and 
bottom  of  an  exhausted  vess^are  pressed  upon  with 
as  much  force  as  the  top. 

If  a  glass  tube  of  considerable  len^h  could  be  per- 
fectly exhausted  of  air,  and  then  held  in  an  upncht 
position,  with  one  of  its  ends  dipping  into  a  vessel  of 
liquid,  the  latter,  on  being  allowed  access  to  the  tube, 
would  rise  in  its  interior  until  the  weight  of  the 
column  balanced  the  pressure  of  the  air  upon  the 
surface  of  the  liquid.  Now,  if  the  density  of  this 
liauid  were  known,  and  the  height  and  area  of  the 
column  measured,  means  would  be  furnished  for  exactly 
estimating  the  amount  of  pressure  exerted  by  the  atmo- 
sphere. Such  an  instrument  is  the  barometer.  To 
construct  it,  a  straight  glass  tube,  36  inches  long,  is 
sealed  by  the  blowpipe  flame  at  one  end ;  it  is  then  tuled 
with  clean,  dry  mercury,  care  being  taken  to  displace  all 
air-bubbles,  the  open  end  stopped  with  a  finger,  and  the 
tube  inverted  in  a  basin  of  mercury.  On  removing  the 
fingjer,  the  mercuir  falls  away  from  the  top  of  the  tube, 
until  it  stands  at  the  height  oi  about  30  incties  above  the 
level  of  that  in  the  basm.  Here  it  remains  supported 
by,  and  balancing  the^atmospheric  pressure,  the  space 
above  the  mercury  in  the  tube  being  of  necessity  empty. 
The  pressure  of  the  atmosphere  is  thus  seen  to  be 
capable  of  sustaining  a  column  of  mercury  30  inches  in 
height,  or  thereabouts.  Now  such  a  column,  having  an 
area  of  1  inch,  weighs  between  14  and  15  lbs. ;  conse- 
quently such  must  be  the  amount  of  the  pressure  exerted  upon 
every  square  inch  of  the  surface  of  the  earth,  and  of  the  objects 
situated  thereon,  at  least  near  the  level  of  the  sea.  This  enormous 
force  is  borne  without  inconvenience  by  the  animal  frame,  by 
reason  of  its  perfect  uniformity  in  every  direction ;  and  it  may  l>e 
doubled,  or  even  tripled,  without  injury. 
A  barometer  may  be  constructed  with  other  liquids  besides 
;  baty  as  the  height  of  the  column  must  always  bear  an 
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Fig.  18. 


inverse  proportion  to  the  density  of  the  liquid,  the  length  of  tube 
required  will  be  often  considerable;  in  the  case  of  water  it  will 
exceed  33  feet.  It  is  seldom  that  any  other  liquid  than  mercury 
is  employed  in  the  construction  of  this  instrument.  The  Royal 
Socie^  of  London  possessed  a  water  barometer  at  their  apartments 
at  Somerset  House.  Its  construction  was  attended  with  great 
difficulties,  and  it  was  found  impossible  to  keep  it  in  repair. 

SprengeTa  Air-pump. — If  an  aperture  be  made  in  the  top  of  a 
barometer  tube,  tne  mercury  will  sink,  and  draw  in  air ;  and  if  the 
experiment  be  so  arranged 
as  to  allow  air  to  enter 
along  with  the  mercury, 
and  the  supply  of  air  is 
limited,  while  that  of  the 
mercury  is  unlimited,  the 
air  will  be  carried  away 
and  a  vacuum  produced. 
On  this  principle,  Dr 
Sprengel  has  contrived  an 
apparatus  by  which  a  very 
complete  exhaustion  may 
be  obtained,  cd  (fig.  13), 
is  a  glass  tube  longer  than 
a  barometer,  open  at  both 
ends,  and  connected,  by 
means  of  india-rubber  tub- 
in^y  with  a  funnel  A  filled 
with  mercury,  and  sup- 
ported on  a  stand.  Mer- 
cury is  allowed  to  fall 
through  this  tube  at  a  rate 
r^^lated  by  a  clamp  at  c; 
the  lower  end  of  the  tube 
cd  fits  into  the  flask  B, 
which  has  a  spout  at  its 
side,  a  little  hij^her  than 
the  lower  end  of  the  tube 
ed;  the  upper  part  of  this 
tube  has  a  oranch  at  a:,  to 
which  a  receiver  R  can  be 
tightly  fixed.  When  the 
damp  at  c  is  opened,  the 
first  portion  oi  mercury 
that  runs  out  closes  the 
tube  and  prevents  it  from 
entering  below.  As  the 
mercury  is  allowed  to  run 
down,  the  exhaustion  be- 
gins, and  the  whole  length  of  the  tube  from  a  to  d  is  filled  with 
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cjlindera  of  tit  aud  mercuiy  h&Ting  a  downwud  inotioii.     Air 

nnd  mercury  escape  through  the  spout  of  the  bulb  B,  bdew  iducli 
U  placed  a  basin  H  to  receive  the  merciuj ;  and  tlui  mercniy  it 
poured  back  from  time  to  time  into  the  funnel  A,  to  be  iiumiwiI 
through  tbe  tube  tOI  the  exbauation  ia  complate. 
As  this  point  is  approached,  the  enclosed  air  be- 
tween the  merctuy-rylindera  is  Keen  to  HimiwiA^ 
until  the  lower  part  of  od  forms  a  cantinnoiu 
(N)Iumn  of  mercurj  about  30  inches  high.  Hm 
operation  is  complute  when  the  colnnm  of  mercnrf 
is  quite  free  from  air,  and  a  drop  of  merciuy  falU 
on  the  top  of  it  without  enclosing  the  smallest  air- 
bubble.  The  height  of  the  column  is  then  equal 
to  that  of  the  mercury  in  the  barometer ;  in  other 
words,  theapparatuB  is  a  barometer  whose  Tactnim 
is  the  receiver  B.  It  may  be  advantageously  com- 
bined with  an  exhausting  syringe,  which  nmovci 
the  greater  part  of  the  air,  the  exhaustion  being 
then  completed  as  above. 

Balationa  between  PresBnre,  Xlastfoltr,  and 
Volume  of  Qasea. — It  will  now  be  necessaiy  to 
consider  a  mntit  important  law  which  connects  the 
volume  occupied  by  a  gns  with  the  pressure  made 
upon  it,  and  ia  thus  ei:j>rf99ed ; — 

Tlie  volume  of  Ras  is  intvrafly  as  the  preasure ; 
the  denuty  and  elaitic  force  are  directly  as  the 
pressure,  and  tniwrgfiy  as  the  volume. 

For  instance,  100  cubic  inches  of  gas  under  a 
pressure  of  30  inches  of  mercury  would  expand  to 
20(>  cubic  inches  were  the  pressure  reduced  to  one- 
half,  and  shrink,  on  the  contrary,  to  60  cubic  inches 
if  the  ciriginal  pressure  were  doubled.  The  change 
of  ilencity  must  nece^'sarily  be  in  the  inverse  pto- 

!>nrtion  to  that  of  the  volimie,  and  the  elastic  force 
ollowa  the  same  nile. 

This,  which  is  usually  called  the  Jaw  of  Mariott«, 
though  really  discovered  by  Boyle  (1661),  is  easily 
deiuonstmble  by  direct  experiment.     A  glass  tube 
(Hg.  14),  alMut  7  feet  long,  is  cloned  at  one  end, 
and  bent  into  the  form  reprei«nteil  in  fig.  14,  tlie 
open  limb  of  the  ayphnn  being  the  longer.     It  is 
I   next  attached  to  a  board  furnished  n-ith  a  mov- 
^  able  scale  of  inches,  and  enough  mercury  is  in- 
troduced to  fill  the  l>end,  the  level  being  evenly 
adjusted,  and  marked  upon  the  board.     Mercury 
is  now  poure<l  into  the  tube  until  the  enclosed 
c-half  of  its  former  volume ;  and  on  n]>p1  jing 
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open  part  of  the  tube  stands  very  nearly  30  inches  above  that  in 
the  closed  portion.  The  pressure  of  an  additional  ^'atmosphere" 
has  consequently  reduced  the  bulk  of  the  contained  air  to  one-half. 
If  the  experiment  be  still  continued  until  the  volume  of  air  is 
reduced  to  a  third,  it  will  be  found  that  the  column  measures 
00  inches,  and  so  in  like  proportion  as  far  as  the  experiment  is 
carried. 

The  above  instrument  is  better  adapted  for  illustration  of  the 
principle  than  for  furnishing  rigorous  proof  of  the  law.  This  has, 
nowever,  been  done.  MM.  Aia^o  and  Dulong  published,  in  the 
year  1830,  an  account  of  certam  experiments  made  by  them  in 
Paris,  in  which  the  law  in  question  had  been  verified  to  the  extent 
of  twentv-seven  atmospheres.  With  rarefied  air  also,  of  whatever 
degree  oi  rarefaction,  tne  law  has  been  found  true. 

All  gases  are  alike  subject  to  this  law,  and  all  vapours  of 
volatile  liquids,  when  remote  from  their  points  of  liquefaction.* 
It  is  a  matter  of  the  greatest  importance  in  practical  chemistry, 
since  it  gives  the  means  of  making  corrections  for  pressure,  or 
determining  by  calculation  the  change  of  volume  which  a  gas  would 
suffer  by  any  given  change  of  external  pressure. 

Let  it  be  required,  for  example,  to  solve  the  following  problem 
We  have  100  cubic  inches  of  gas  in  a  graduated  jar,  the  barometer 
standing  at  29  inches;  how  many  cubic  inches  will  it  occupy 
when  t£e  column  rises  to  30  inches?  Now  the  volume  must  oe 
inversely  as  the  pressure :  consequently  a  change  of  pressure  in 
the  proportion  of  29  to  30  must  be  accompanied  by  a  change  of 
volume  in  the  proportion  of  30  to  29,  the  30  cubic  inches  of  gas 
contracting  to  29  cubic  inches  under  the  conditions  imagined 
Hence  the  answer — 

30 :  29  -•  100 :  96*67  cubic  inches. 

The  reverse  of  the  operation  will  be  obvious.  The  pupil  will  do 
well  to  familiarise  lumself  with  the  simple  calculations  of  correc- 
tion for  pressure. 

t  *  Near  the  liauefying  point  the  law  no  longer  holds ;  the  vohime  diminishes 
more  rapidly  tnan  the  theory  indicates,  a  smaller  amount  of  pressure  being 
hen  sufficient.    (See  further,  p.  50).  ( 
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It  will  be  convenient  to  consider  the  subject  of  heat  under  several 
sections,  and  in  the  following  order : — 

1.  Expansion  of  bodies,  or  effects  of  variations  of  tempeiatoxe 

in  altering  their  dimensions. 

2.  Conduction,  or  transmission  of  heat 

3.  Specific  heat. 

4.  Cnange  of  state. 
6.  Sources  of  heat. 

6.  Dynamical  theory  of  heat 

Expansion. 

If  a  bar  ot  metal  of  such  ma^tude  as  to  fit  accurately  to  a 
gauge,  when  cold,  be  heated  considerably,  and  acain  applied  to  the 
gauge,  it  will  be  found  to  have  become  enlarged  in  ail  its  dimen- 
sions.   When  cold,  it  will  once  more  enter  the  gauge. 

Again,  if  a  quantity  of  liquid  contained  in  a  glass  bulb  famished 
with  a  narrow  neck,  be  plunged  into  hot  water,  or  exposed  to  any 
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other  source  ot  heat,  the  liquid  will  mount  in  the  stem,  showing 
that  its  volume  has  been  increased.  The  bulb,  however,  has  like- 
wise expanded  by  the  heat,  and  its  capacity  has  conRequently  been 
augmented.  The  rise  of  the  liquid  in  the  tube,  Uierefore,  denotes 
the  difference  between  these  two  expansions. 

Or,  if  a  portion  of  air  be  confined  in  any  vessel,  the  application 
of  a  slight  degree  of  heat  will  suffice  to  make  it  occupy  a  space 
sensibly  larger. 

This  most  general  of  aU  the  effects  of  heat  furnishes  in  the  outset 
a  principle,  by  the  aid  of  which  an  instrument  can  be  constructed 
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Fig.  18. 


capable  of  taking  cognisance  of  changes  of  temperature  in  a  manner 
equally  accurate  ana  convenient:  such  an  instrument  is  the  ther- 
mometer. 

A  capillary  glass  tube  is  chosen,  of  uniform  diameter;  one  ex- 
tremity is  closed  and  expanded  into  a  bulb,  by  the  aid  of  the 
blowpipe  fl£une,  and  the  other  somewhat  drawn  out,  and  left  open. 
The  Dulb  is  now  cautiously  heated  by  a  spirit-lamp,  and  the  open 
extremity  plunged  into  a  vessel  of  mercury,  a  portion  of  which 
rises  into  tne  bulb  when  the  latter  cools,  replacing  the  air  which 
had  been  expanded  and  driven  out  by  the  heat.  By  again  apply- 
ing the  flame,  and  causing  this  mercury  to  boil,  the  remainder  of 
the  air  Lb  easily  expelled,  and  the  whole  space  filled  with  mer- 
curial vapour.  The  open  end  of  the  tube  must  now  be  immediately 
plunged  into  the  vessel  filled  with  mercury.  As  the  metalbc 
vapours  condense,  the  pressure  of  the  external  air  forces  the  liquid 
metal  into  the  instrument,  until  finally  the  tube  is  completely 
filled  with  mercury.  The  thermometer  thus  filled  is  now  to  be 
heated  until  so  much  mercury  has  been  driven  out  by  the  expansion 
of  the  remainder,  that  its  level  in  the  tube  shall  stand  at  common 
temperatures  at  the  point  required.  This  being  satisfactorily 
adjusted,  the  heat  is  once  more  applied,  until  the  column  rises 
quite  to  the  top ;  and  then  the  extremity 
of  the  tube  is  hermetically  sealed  by  the 
blowpipe.  The  retraction  of  the  mercury 
on  coming  now  leaves  an  empty  space, 
which  is  essential  to  the  perfection  of  the 
instrument 

The  thermometer  has  yet  to  be  gradu- 
ated ;  and  to  make  its  indications  compar- 
able with  those  of  other  instruments,  a 
scale,  having  at  the  least  two  fixed  points, 
must  be  adapted  to  it. 

It  has  been  observed,  that  the  tempe- 
rature of  melting  ice,  that  is  to  say,  of  a 
mixture  of  ice  and  water,  is  always  con- 
stant; a  thermometer,  already  graduated, 
plunged  into  such  a  mixture,  always  marks 
the  same  d^ree  of  temperature,  and  a 
simple  tube  filled  in  the  manner  described 
and  so  treated,  exhibits  the  same  'effect  in 
the  unchanged  height  of  the  little  mercu- 
rial column,  when  tried  from  day  to  day. 
The  freezing  point  of  water,  or  melting 
point  of  ice,  constitutes  then  one  of  the 
invariable  temperatures  demanded. 

Another  is  to  be  foimd  in  the  boiling  point  of  water,  or,  more 
accurately,  in  the  temperature  of  steam  which  rises  from  boiling 
water.  In  order  to  give  this  temperature,  which  remains  perfectly 
constant  whilst  the  barometric  pressure  is  constant,  to  the  mercury 
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of  the  thermometer,  distilled  water  is  made  to  boil  in  a  f^am  tmrI 
with  a  lon^  neclc.  when  the  pre«mre  ie  at  30  inches  (fig.  17).  The 
thernionieter  is  then  8o  placed  that  all  the  mercury  la  aunounded 
with  Pteam.  It  quickly  rises  to  a  fixed  point,  and  there  it  remains 
an  long  as  the  water*  boils,  and  the  height  of  the  barometer  is 
iinchanj^tMl. 

The  tube  having  been  carefullj  marked  with  a  file  at  these  two 
points,  it  remains  to  di\'ide  the  inter\''al  into  degrees:  this  diviaicm 
IS  entirely  arbitrary.  The  scale  now  most  generally  employed  is 
the  Centigrade,  in  "which  the  space  is  divided  into  100  parte,  the 
zero  lieing  placed  at  the  freezing  point  of  water.  The  scale  is  con- 
tinued above  and  below  these  points,  numbers  below  0  being  dis- 
tinguished by  the  negative  sign. 

In  England  the  di\nsion  of  Fahrenheit  is  still  in  use :  the  above 
mentioned  spac^  is  divided  into  180  degrees;  but  the  zero,  instead 
of  starting  irom  the  freezing  point  of  water,  is  placed  32  degrees 
below  it,  so  that  the  temperature  of  ebullition  is  expressed  by  212", 

The  plan  of  Reaumur  is  nearly  confined  to  a  few  places  in  the 
north  or  (Germany  and  to  Bussia :  in  this  scale  the  freezing  point 
of  w^ater  is  made  0°,  and  the  l>oiling  point  80®. 

It  is  unfortunate  that  a  uniform  system  has  not  been  generally 
adopted  in  graduating  thermometers:  this  would  render  unneces- 
sary the  lalmur  which  now  so  frequently  has  to  be  performed  of 
translating  the  language  of  one  scale  into  that  of  another.  To 
effect  this,  presents,  however,  no  great  difficulty.  Let  it  be  re- 
quired, for  example,  to  know  the  degree  of  Fahrenheit's  scale  which 
corresponds  to  60®  C. 

100®  C.  =  180®  F.;  or5®C.   =  9®  F. 
Consequently, 

5:9  =  60:108. 

But  then,  as  Fahrenheit's  scale  commences  with  32®  instead  of  0®, 
that  number  must  be  added  to  the  result,  making  60°  C-  140®  F. 

The  rule,  then,  is  the  following : — To  convert  centigrade  degrees 
into  Fahrenheit  degrees,  multiply  by  9,  divide  the  product  by  6,  and 
add  32;  to  convert  Fahrenheit  degrees  into  centigrade  degrees, 
subtract  32,  multiply  by  5,  and  divide  by  9. 

The  reduction  of  negative  degrees,  or  those  below  zero  of  one 
scale  into  those  of  another  scale,  is  effected  in  the  same  way.  For 
example,  to  convert  - 15°  C.  into  degrees  of  Fahrenheit,  we  have — 

-15   X   ?  +  32  =  -27  +  32  «   +5  F. 
5 

In  this  work  temperatures  will  always  ^ye  given  in  centigrade 
degrees,  unless  the  contrary  is  stated. 

Mercury  is  usually  chosen  for  making  thermometers,  on  account 
of  its  regularity  of  expansion  within  certain  limits,  and  because  it 
is  easy  to  have  the  scale  of  great  extent,  from  the  large  interval 
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between  the  freezing  and  boiling  points  of  the  metal.  Other  gub- 
stances  are  sometimes  nsed;  alcohol  is  employed  for  estimating 
very  low  temperatures,  because  this  liqnid  has  not  been  frozen  even 
at  the  lowest  degree  of  cold  which  has  been  artificially  produced. 
Air-thermometers  are  also  used  for  some  few  particular  pur- 
poses ;  indeed,  the  first  thermometer  ever  made  was  of  this  kind. 
There  are  two  modifications  of  this  instrument :  in  the  first,  the 
liquid  into  which  the  tube  dips  is  open  to  the  air ;  and  in  the 
second,  shown  in  fig.  19,  the  atmosphere  is  completely  excluded. 
The  effects  of  expansion  are  in  the  one  case  comphcated  with  those 
arising  from  changes  of  pressure,  and  in  the  other  they  cease  to 
be  visible  at  all  when  the  whole  instrument  is  subjected  to  altem- 
tions  of  temperature,  because  the  air  in  the  upper  and   lower 
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reservoir,  beine  equally  affected  by  such  changes,  no  alteration  in 
the  height  oi  the  fluid  column  can  occur.  Accordingly,  such 
instruments  are  caQed  differential  thermometers,  since  they  serve 
to  measure  differences  of  temperature  between  the  two  portions  of 
air,  while  changes  affecting  both  alike  are  not  indicatea.  Fig.  20 
shows  another  form  of  the  same  instrument. 

The  air-thermometer  may  be  employed  for  measuring  all  tem- 
peratures from  the  lowest  to  the  hignest ;  M.  Pouillet  has  described 
one  by  which  the  heat  of  an  air-furnace  could  be  measured.  The 
reservoir  of  this  instrument  is  of  platinum,  and  it  is  connected 
with  a  niece  of  apparatus  by  which  the  increase  of  volume  expe- 
rienced by  the  included  air  is  determined. 

An  excellent  air-thermometer  has  been  constructed  and  used  by 
Rudbeig,  and  more  recently  by  Magnus  and  Recnault,  for  measur- 
ing the  expansion  of  the  air.  Its  construction  depends  on  the  law, 
that  when  air  is  heated  and  hindered  from  expanding,  its  tension 
increases  in  the  same  proportion  in  which  it  would  have  increased 
in  volume  if  permitted  to  expand. 
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line  of  fracture,  may  be  led  by  the  point  of  a  heated  iron  rod  along 
the  latter  with  the  greatest  precision. 

Expannon  of  Liquids. — The  dilatation  of  a  liquid  may  1)e  deter- 
minea  by  filling  a  thermometer  with  it,  in  which  tne  relation 
between  the  capacity  of  the  ball  and  that  of  the  stem  is  exactly 
known,  and  observing  the  height  of  the  column  at  different  tempera- 
tures. It  is  necessary  in  this  experiment  to  take  into  account 
the  effects  of  the  expansion  of  the  glass  itself,  the  observed  result 
being  evidently  the  deference  of  the  two. 

Liquids  vary  exceecungly  in  this  particular.  The  following  table 
is  taken  from  r^lefs  "  £l^ents  de  Physique  :" — 

Apparent  ^Dilatation  in  Glass  between  0**  and  100^ 

Water, ^ 

Hydrochloric  acid,  sp.  gr.  1*137,         .        .        .        .  ^ 

Nitric  acid,  sp.  gr.  1  *4, ^ 

Sulphuric  acia,  sp.  gr.  1  *85, ^\ 

Ether, ^ 

Olive  oil, -jjj 

Alcohol, ^ 

Mercury, ^ 

Most  of  these  numbers  must  be  taken  as  representing  mean 
results  ;  for  there  are  few  liquids,  which,  like  mercury,  expand 
regularly  between  these  temperatures.  Even  mercury  above  KXy* 
shows  an  unequal  and  increasing  expansion,  if  the  temperature 
indicated  by  the  air-thermometer  be  used  for  comparison.  This 
is  shown  by  the  following  abstract  of  a  table  given  by  Kegnault : — 

Temperature  dednced  from 

the  Absolnte  Ezptntion 

of  Mercury. 

0** 

100** 

202-78** 

808-84' 

862-16' 

The  absolute  amount  of  expansion  of  mercury  is,  for  many  reasons, 
a  point  of  great  importance ;  it  has  been  very  carefully  determined 
W  a  methc^  independent  of  the  expansion  of  the  containing  vessel. 
Tlie  apparatus  employed  for  this  purpose,  first  by  Dulong  and  Petit, 
and  later  by  Regnault,  is  shown  in  fig.  21,  divested,  however,  of 
many  of  its  subordinate  parts.  It  consists  of  two  upright  glass 
tubes,  connected  at  their  bases  by  a  horizontal  tube  of  much  smaller 
dimensions.  Since  a  free  communication  exists  between  the  two 
tubes,  mercury  poured  into  the  one  will  rise  to  the  same  level  in 
the  other,  proviaed  its  temperature  is  the  same  in  both  tubes ;  when 
this  is  not  the  case,  the  hotter  column  will  be  the  taller,  because  the 


linff  of  Air  ' 

Reading  of  If  ercn 

nnometer. 

Thermometer. 

0' 

0' 

100' 

100' 

200'i 

200' 

8001   _ 

801' 

350' 

854' 

expuudon  of  th«  metal  dimuiialiM  ita  ipeolfic  gravity,  and  the  law 
of  njdrostatic  equilibrium  reqairoi  tliat  the  heigbt  of  aucb  colotmu 
should  be  inTeraely  as  their  densities.  By  the  aid  of  the  outer 
oyliudeia,  one  of  the  tubes  is  maintained  constsntly  at  0°,  while  the 
other  is  laised^y  means  of  heated  water  or  oil,  to  any  i«quit«d 
temperature.  The  perpendicular  height  of  the  columns  may  then 
be  read  oft  by  a  horixontal  micrometer  teleocope,  moving  on  a 
vertical  divided  scale. 

These  heights  represent  volumes  of  equal  weight,  because  volumea 
of  ei^ual  weight  bear  an  inverse  proportion  to  the  densities  of  the 
liquids,  so  that  the  amount  of  expansion  admits  of  being  very 
easily  calculated.  Thus,  let  the  column  at  0°  be  6  inches  high, 
and  that  at  100°,  6' 108  inches  ;  the  increase  of  height,  108  on  0000, 
ot  li.j  port  of  the  whol^  will  represeiit  the  absolute  cubical 
e^iansiott. 


The  Indications  of  the  mercnifal  thermometer  are  inaccurate  when 
very  high  ranges  of  temperature  are  concerned,  from  the  increased 
expansibility  of  the  metal.  The  error  thua  caused  is,  however, 
nearly  compensated,  for  temperatures  under  204-5°,  by  theespansion 
of  the  glass  tube.     For  higher  temperatur"  "  -■       " 

necesi 

To 


laiT,  as  the  above  table  shows. 

what  extent  the  expansion  of  different  liquids  may  vary  be- 
'a  obvious  from  a  glance  at  fig.  S2 


tween  the  same  temperatur 
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which  represents  the  expansion  of  mercury  QS),  water  (W),  oil  of 
turpentine  (T),  and  alcohol  (A).    A  column  of  these  several  liquids. 
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equalling  at  C  the  tenfold  height  of  the  line.O  0*1  in  the  diagram, 
would  exhihit,  when  heated  to  a  temperature  of  10^  20°,  30°,  &c.,  an 
expansion  indicated  by  the  distances  at  which  the  perpendicular 
lines  drawn  over  the  numbers  10,  20,  30,  &c,  are  intersected  by 
the  curves  belon^g  to  each  of  these  liquids.  Thus  it  is  seen  that 
oil  of  turpentine,  between  (f  and  100°,  expands  very  nearly  tV  of  its 
volume,  and  that  mercury  between  the  same  limits  of  temperature 
expands  imiformly,  while  the  rate  of  expansion  of  the  other  liquids 
increases  with  the  rise  of  the  temperature. 

An  exception  to  the  regularity  of  expansion  in  liquids  exists  in 
the  case  of  water ;  it  is  so  remarkable,  and  its  consequences  so  im- 
portant, that  it  is  necessary  to  advert  to  it  particularly. 

Let  a  large  thermometer-tu1>e  be  filled  with  water  at  the  conmion 
temperature  of  the  air,  and  then  artificially  cooled.  The  liquid 
will  be  observed  to  contract,  until  the  temperature  falls  to  about 
4°  C.  (39-2°  F.,  or  7*2°  above  the  freezing  jKmit.)  After  this  a  further 
reduction  of  temperature  causes  expansion  mstead  of  contraction 
in  the  volume  of  the  water,  and  this  expansion  continues  until  the 
liquid  arrives  at  its  point  of  congelation,  when  so  sudden  and 
violent  an  enlargement  takes  place  that  the  vessel  is  almost  invari- 
ably broken.  At  the  temperature  of  4°  water  is  at  its  maximum 
density;  increase  or  diminution  of  heat  produces  upon  it,  for  a 
short  time,  the  same  effect 

According  to  the  latest  researches  of  Eopp,  the  point  of  greatest 
density  of  water  is  408°  C.  (39*34°  F.)  According  to  the  de- 
terminations of  this  physicist,  the  volume  of  water  =  1  at  0°  C. 
changes,  when  heated,  to  the  following  volumes : — 


2°  0*99991 

4°  0*99988 

6°  0-99990 

8°  0-99999 

10°  1*00012 

12°  1*00031 

14°  1  00056 


18°  1*00086 
18°  1  001 18 
20°  1*00157 
22°  1-00200 
24°  1*00247 
25°  1-00272 
30°  1-00406 


35°  1-00570 
40°  1*00753 
45°  1*00954 
50°  1*01177 
55°  1-01410 
60°  0*01659 
66°  1*01930 


70°  1*02225 

75°  1  02544 

80°  1-02858 

85°  1*03189 

90°  1  03540 

95°  1-03909 

100°  1*04299 


Sea- water  has  no  point  of  maximum  density  above  the  freezing 
point.  The  more  it  is  cooled  the  denser  it  becomes,  until  it  solidi- 
fies at  -  2*6°. 

The  gradual  expansion  of  pure  water  cooled  below  4°  must  be 
carefully  distinguished  from  the  great  and  sudden  increase  of 
volume  it  exhibits  in  the  act  of  freezing,  in  which  respect  it 
resembles  many  other  bodies  which  expand  on  solidifying.  The 
force  thus  exerted  by  freezing  water  is  enormous.  Thick  iron 
sheUs  quite  filled  with  water,  and  exposed  with  their  fuse-holes 
securely  plugged,  to  the  cold  of  a  Canadian  winter  night,  have 
been  found  sput  on  the  following  morning.  The  freezing  of  water 
in  the  joints  and  crevices  of  rocks  is  a  most  potent  agent  in  their 
disintegiation. 
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Expannon  of  Qata, — The  principal  laws  relating  to  the  expan- 
sion of  gases  are  contained  in  the  four  following  propositions : — 

1.  AU  gases  expand  nearly  alike  for  equal  increments  of  heat ; 

and  all  vapours,  when  remote  from  their  condensing  points, 
follow  the  same  law. 

2.  The  rate  of  expansion  is  not  altered  by  a  change  in  the  state 

of  compression,  or  elastic  force,  of  the  gas  itseUT. 

3.  The  rate  of  expansion  is  uniform  for  all  degrees  of  heat 

4.  The  actual  amount  of  expansion  is  equal  to  -^  or  yf^  or 

0*003666  of  the  volume  of  the  gas  at  O''  centigrade,  for  each 
degree  of  the  same  scale.* 

It  will  not  be  necessary  to  enter  into  any  description  of  the 
methods  of  investigation  by  which  these  results  have  been  ob- 
tained ;  the  advanced  student  will  find  in  Pouillet's  '^  Elements  de 
Physique,^'  and  in  the  papers  of  Magnus  and  Regnault,t  all  the 
information  he  mav  require. 

In  the  practical  manipulation  of  gases,  it  very  often  becomes 
necessary  to  make  a  correction  for  temperature,  or  to  discover  how 
much  the  volume  of  a  gas  would  be  increased  or  diminished  by  a 
particular  change  of  temperature;  this  can  be  effected  with  great 
facility.  Let  it  be  required,  for  example,  to  find  the  volume  which 
100  cubic  inches  of  any  gas  at  \(f  would  become  on  the  tempera- 
ture rising  to  20^ 

The  rate  of  expansion  is  ^fr  or  ^rHv  of  the  volume  at  0**  for  each 
degree;  or  3000  measures  at  0°  become  3011  at  1°,  3022  at  2°, 
3110  at  10°,  and  3220  at  20°.     Hence 

Meas.atlO*.  Mea8.at20'.  Meu.  at  10".  Meas.  at  30*. 

3110         :        3220         =         100        :        103-537. 

If  this  calculation  is  required  to  be  made  on  the  Fahrenheit  scale, 
it  must  be  remembered  that  the  zero  of  that  scale  is  32°  below  the 
melting-point  of  ice.  Above  this  temperature  the  expansion  for 
each  degree  of  the  Fahrenheit  scale  is  tVt  of  the  original  volume. 

This,  and  the  correction  for  pressure,  are  operations  of  very  fre- 
quent occurrence  in  chemical  investigations,  and  the  student  will 
ao  well  to  become  familiar  with  them. 

The  following  formula  includes  both  these  corrections  : — Let  V 
and  V  be  the  volume  of  a  gas  at  the  temperatures  t  and  if  centi- 
grade, and  .under  the  pressures  p  and  ^,  measured  in  millimeters 
of  mercury  :  then 

V_  ^  1  +  0-003666<        / 
V    ^  l-h0003666r       p 
The  case  which  most  frequently  occurs  is  the  reduction  of  a 

♦  The  fnction  fHr  ^  very  convenient  for  calculation. 

t  Poggendorff*8  Annalen,  iv.  l^Ann.  Chim.  Phys.  3d  series,  iv.  5,  and 
▼.  52.  See  also  Watts's  Dictionary  of  Chemistry,  art.  Heat,  vol.  iii.  p.  46 ; 
and  Ganot's  Elements  de  Physiqae,  translated  by  Dr  Atkinson,  4th  edition. 
pp.  858-202. 
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measnred  voltime,  Y,  of  a  ^  at  the  temperature  t  and  pressure  p 
to  the  volume  Vq,  which  it  would  occupy  at  0®  C,  aRU  uuder  a 
pressure  of  760  mm.  In  this  case,  we  have  ^=0,  and  |/=760y 
therefore 

^     =    (1+00036660,^  , 

and  y      _  ^  ,    P_ 

^     "     1+0-003666*     760  * 

If  the  barometric  pressure  is  measured  in  inches,  the  number  SO 
must  be  substituted  for  760. 


Note, — Of  the  four  propositions  stated  in  the  text,  the  first  and 
second  have  recently  been  shown  to  be  true  within  certain  limits 
only ;  and  the  third,  although  in  the  hiehest  degree  probableL 
would  be  very  difficult  to  demonstrate  rigialy ;  in  iact,  tne  equal 
rate  of  expansion  of  air  is  assumed  in  all  experiments  on  other 
substances,  and  becomes  the  standard  by  which  the  results  are 
measured. 

The  rate  of  expansion  for  the  different  gases  is  not  absolutely  the 
same,  but  the  difference  is  so  small  that  for  most  purposes  it  may 
safely  be  n^lected.  Neither  is  the  state  of  elasticity  altogether 
indifferent,  the  expansion  being  sensibly  greater  for  an  equal  rise  of 
temperature  when  the  gas  is  in  a  compressed  state. 

It  is  important  to  notice  that  the  greatest  deviations  fro'm  the 
rule  are  euibited  by  those  gases  which,  as  will  hereafter  be  seen, 
are  most  easily  liquefied,  such  as  carbon  dioxide,  cyanogen,  and 
sulphur  dioxide ;  and  that  the  discrepancies  become  smcQler  and 
smaller  as  the  elastic  force  is  lessenea ;  so  that,  if  means  existed 
for  comparing  the  different  gases  in  states  equally  distant  from 
their  points  oi  condensation,  there  is  reason  to  believe  that  the  law 
wo^a  be  strictly  fulfilled. 

The  experiments  of  Dalton  and  Qay-Lussac  gave  for  the  rate  of 
expansion  ^Ij  of  the  volume  at  0^ :  this  is  no  doubt  too  high. 
Those  of  Buaberg  give  ^,  those  of  Magnus  and  of  Rc^gnault  ^f,. 


Oonduction  of  Heat 

Different  bodies  possess  very  different  conducting  powers  with 
respect  to  heat :  if  two  similar  rods,  the  one  of  iron,  the  other  of 
glass,  be  held  in  the  flame  of  a  spirit-lamp,  the  iron  will  soon 
become  too  hot  to  be  touched,  while  the  glass  may  be  grasped  with 
Impunity  within  an  inch  of  the  red-hot  portion. 

Experiments  made  by  analo^us  but  more  accurate  methods  have 
established  a  numerical  companson  of  the  conducting  powers  of  many 
bodies.    The  following  may  be  taken  as  a  specimen  : — 
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Silver, 

.       1000 

Steel,    . 

116 

Copper, 
Gold,  . 

786 

Lead,    . 

85 

5S2 

Platinum, 

84 

Brass, 

236 

German  silver, 

63 

Tin,    . 

145 

Blsmath, 

18 

Iron,  . 

119 

As  a  class  the  metals  are  by  very  far  the  best  conductors, 
although  much  difference  exists  between  them  ;  stones,  dense  woods, 
and  charcoal  follow  next  in  order ;  then  liquids  in  general,  and  lastly 
gases,  whose  conductinjg  power  is  almost  inappreciable. 

Under  favourable  circumstances,  nevertheless,  both  liquids  and 
gases  may  become  rapidly  heated ;  heat  applied  to  the  bottom  of 
the  containing  vessel  is  very  speedily  communicated  to  its  contents ; 
this,  however,  is  not  so  much  by  conduction,  as  by  convection,  or 
carrying.  A  complete  circulation  is  set  up ;  the  portions  in  contact 
with  the  bottom  oT  the  vessel  ^et  heated,  become  lighter,  and  rise  to 
the  surface,  and  in  this  way  tne  heat  becomes  communicated  to  the 
whole.  If  these  movements  be  prevented  by  dividing  the  vessel 
into  a  great  number  of  compartments,  the  really  low  conducting 
power  of  the  substance  is  made  evident ;  and  this  is  the  reason  why 
certain  organic  fabrics,  as  wool,  silk,  feathers,  and  porous  bodies 
in  general,  the  cavities  of  which  are  full  of  air,  exhibit  such  feeble 
powers  of  conduction. 

The  circulation  of  heated  water  through  pipes  is  now  extensively 
applied  to  the  warming  of  buildings  and  conservatories ;  and  in 
chemical  works  a  serpentine  metal  tube  containing  hot  oil  is  often 
used  for  heating  stills  and  evaporating  pans  ;  the  two  extremities 
of  the  tube  are  connected  with  the  ends  of  another  spiral  built 
into  a  small  furnace  at  a  lower  level,  and  an  unintermitting  circu- 
lation of  the  liquid  takes  place  as  long  as  heat  is  applied. 

Speoifio  Heat 

Equal  weights  of  different  substances  having  the  same  temper- 
ture  require  different  amounts  of  heat  to  raise  them  to  a  given 
degree  of  temperature.  If  1  lb.  of  water,  at  100°,  be  mixed  with 
1   lb.  at  40°,  then,   as  is  well  known,  a  mean   temperature  of 

=  70°  is  obtained.  In  the  same  way  the  mean  tem- 
perature is  found  when  warm  and  cold  oil,  or  warm  and  cold 
mercury,  &c.,  are  mixed  together.  But  if  1  lb.  of  water  at  100° 
be  shaken  with  1  lb.  of  olive-oil  at  40°,  or  with  1  lb.  of  mercury 
at  40°,  then,  instead  of  the  mean  temperature  of  70°,  the  tempera- 
ture actually  obtained  will  be  80°  in  the  first  case,  98°  in  the 
second ;  20  aegrees  of  heat,  which  the  water  (by  cooling  from  100° 
to  80°)  gave  to  the  same  weight  of  oil,  were  sufficient  to  raise 
the  oil  40°,  that  is,  from  40°  to  80°;  and  2°,  which  the  water  lost 
by  cooling  from  100°  to  98°,  sufficed  to  heat  an  equal  quantity  of 
mercuiy  58°,  namely,  from  40°  to  98°. 
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It  is  evident  firom  these  experiments  that  the  quantities  of  heat 
which  ec^ual  weights  of  water,  olive-oil,  and  mercury,  require  to 
raise  their  temperature  to  the  same  height,  are  unequal,  and  that 


temperature  of  an  equal  weigi 
from  0^  to  1°  C,  are  called  the  specific  heats  of  the  various 
substances:  thus  the  experiments  just  described  show  that  the 
specific  heat  of  olive  oil  is  ^,  that  is  to  say,  the  quantity  of  heat 
which  would  raise  the  temperature  of  any  given  quantity  of  olive 
oil  from  0°  to  1^  would  raise  that  of  an  e<jual  weight  of  water 
only  from  0°  to  ^^,  or  of  half  that  quantity  of  water  from  0° 
tol**. 

The  specific  heats  of  bodies  are  sometimes  said  to  measure  their 
relative  capacities  for  heat. 

There  are  three  distinct  methods  bv  which  tlie  specific  heats  of 
various  substances  may  be  estimated.  The  first  of  these  is  by 
observing  the  quantity  of  ice  melted  by  a  given  weight  of  the 
substance  heatea  to  a  particular  temperature;  the  second  is  by 
noting  the  time  which  the  heated  body  requires  to  cool  down 
through  a  certain  number  of  degrees ;  and  the  third  is  the  method 
of  mixture,  on  the  principle  illustrated  ;  this  latter  method  is  pre- 
ferred as  the  most  accurate. 

The  determination  of  the  specific  heat  of  different  substances 
has  occupied  the  attention  of  many  experimenters ;  amons  these 
Dulong  and  Petit,  and  recently  Kegnault  and  Kopp,  aeserve 
especial  mention. . 

From  the  observations  of  these  and  other  physicists,  it  foUoWs 
that  each  body  has  its  peculiar  specific  heat,  and  that  the  specific 
heat  increases  with  increase  of  temperature.  If,  for  example,  the 
heat  which  the  unit  of  water  loses  by  cooling  from  10°  to  0°  be 
marked  at  10°,  then  the  loss  by  cooling  from  50°  to  0°  will  be,  not 
50,  corresponding  to  the  difference  of  temperature,  but  50*1.  By 
coolinj^  from  100°  to  0°  it  is  100*5,  and  rises  to  203*2  when  the 
water  is  heated  under  great  pressure  to  200°,  and  afterwards  cooled 
to  0°.  Similar  and  even  more  striking  differences  have  been  found 
with  other  substances.  It  has  also  been  proved  that  the  specific 
heat  of  any  substance  is  greater  in  the  liquid  than  in  the  solid  state. 
For  example,  the  specific  heat  of  ice  is  0*504,  that  is,  not  more  than 
half  as  great  as  that  of  liquid  water. 

It  is  remarkable  that  the  specific  heat  of  water  is  greater  than 
that  of  aU  other  solid  and  liquid  substances,  and  is  exceeded  only 
by  that  of  hydrogen.  The  specific  heat  of  the  solid  parts  of  the 
erost  of  the  globe  is  on  an  average  ^,  and  that  of  the  atmosphere 
nearly  ^  that  of  water. 

If  the  specific  heat  of  any  body  within  certain  degrees  of  tem- 
peratnre  be  accurately  known,  then  from  the  quantity  of  heat 
which  this  body  gives  out  when  quickly  dipped  into  cold  water, 
thp  tempenvtuie  to  which  the  body  was.heat^  xqay.  be  deter* 
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mined.  Ponillet  has  fotinded  on  this  fact  a  method  of  measuring 
high  temperatures,  and  for  this  purpose,  with  the  help  of  the  air^ 
thermometer,  he  has  determined  the  specific  heat  of  platinum  up 
to  1600° 

The  determination  of  the  specific  heat  of  gases  is  attended  with 
peculiar  difficulties,  on  account  of  the  comparatively  large  volume 
of  small  weights  of  gases.  For  many  gases,  however,  satisfactory 
results  have  been  obtained  by  the  meth(xi  of  mixing. 

When  a  gas  expands,  heat  becomes  latent,  that  is  to  say,  insen- 
sible to  the  thermometer;  in  fact,  the  molecular  motion  which 
constitutes  heat  is  converted  into  another  kind  of  motion  which 
overcomes  the  pressure  to  which  the  gas  is  subjected,  and  allows 
it  to  expand  (see  page  66).  The  amount  of  heat  required,  there- 
fore, to  raise  a  fps  to  any  given  temperature  increases  the  more 
the  gas  in  question  is  allowed  to  expand.  The  quantity  of  heat 
which  the  unit- weight  of  a  gas  reauires  in  order  to  raise  its  tem- 
perature 1°  without  its  volume  unaergoing  any  change  (which  can 
take  place  only  by  the  pressure  being  simultaneously  augmented) 
is  called  the  specific  heat  of  the  gas  at  constant  volume.  The 
quantity  of  heat  reauired  by  the  unit-weight  of  a  gas  to  raise  its 
temperature  1°,  it  being  at  the  same  time  allowed  to  dilate  to 
such  an  extent  that  the  pressure  to  which  it  is  exposed  remains 
unchanged,  is  called  the  specific  heat  of  the  gas  at  constant  pres- 
sure. According  to  w^hat  has  already  been  stated,  the  specific  heat 
at  constant  pressure  must  be  greater  than  that  at  constant  volume. 
Dulong  found,  in  the  case  of  atmospheric  air,  of  oxygen,  of 
hydrogen,  and  of  nitrogen,  that  the  two  specific  heats  are  in  the 
proportion  1*421  :  1.  For  carbon  monoxide,  however,  he  obtained 
the  proportion  of  1*423,  for  carbon  dioxide  1337,  for  nitrogen 
dioxide  1*343,  and  for  olefiant  gas  1*24  to  1.  The  exact  determi- 
nation of  these  ratios  is  extremely  difficult,  and  the  results  of  dif- 
ferent physicists  by  no  means  agree. 

The  first  satisfactory  comparison  of  the  specific  heat  of  air  with 
that  of  water  was  made  by  Count  Rumford ;  later  comparisons  of 
the  specific  heat  of  various  gases  have  been  made  by  Delaroche 
and  B^rard,  Dulong  and  Regnault 

The  first  researches  of  Delaroche  suid  B^rard  furnished  the  re- 
sults embodied  in  the  following  table  : — 


Atmospheric  air, 
Oxygen, 
Hydrogen, 
Nitrogen, 
Carbon  monoxide, 
Nitrogen  monoxide, 
Garfaon  dioxide, 
Olflflantgas,  . 


Equal  rolnmes. 
The  Toltunet    The  pressure 
constant.         constant. 


•227 
'249 
754 


•160 
•176 
'531 


Eqnal  wei(?ht8. 
Alr  =  l.    Water=l. 


1 

0*9045 
14*4610 
1  -0295 
1*0337 
0*7607 
0*7685 
1-5829 


0  -2669 
0*2414 
8*8569 
0*2748 
0*2759 
0  2080 
0  -2051 
0*4225 
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The  latest  and  most  trustworthy  detenninations  are  those  of 
Renault,  given  in  the  subjoined  table,  in  the  second  column  of 
which  the  specific  heats  of  the  several  gases  and  vapours  are  com- 
pared with  tnat  of  an  equal  weight  of  water  taken  as  unity,  and 
in  the  third,  with  that  of  an  equal  volume  of  air  referred  to  its 
own  weight  of  water  as  unity.  The  latter  series  of  numbers  is 
obtained  oy  multiplying  the  numbers  in  the  second  column  by 
the  specific  gravities  of  the  respective  gases  and  vapours  referred 
to  air  as  unity  : — 


• 

SpeeiJIe  Heat 

Spfci/k 

at  Constant  Pressure. 

'For  equal 

ITor  A/lllfl 

Oases. 

Cfravttp. 

weifchts. 

Air  =  1. 

Water  =  1. 

TOJUuies 

Atmospheric  air, 

1 

0-2877 

0-2877 

Oxygen,    .... 

1-1056 

0-2176 

0-2406 

IT^itrogen,  .... 

0-9713 

0-2488 

0-2868 

Hydrogen, 

0  0692 

8-4090 

0-2869 

Chlorine, 

2-4502 

0-1210 

0*2966 

Bromine  vapour. 

6-4772 

0  0665 

0-8040 

Carbon  monoxide,     . 

0-9670 

0-2450 

0-2370 

Carbon  dioxide. 

1-5210 

0-2169 

0-8307 

Nitrogen  monoxide,  . 

1  -5241 

0-2262 

0-3447 

Nitrogen  dioxide, 

1-0884 

0-2317 

0-2406 

defiant  gas,      .        .        .        . 

0-9672 

0-4040 

0-4106 

Marsh  gas. 

0-6627 

0-6929 

0-3277 

Aqueous  vapour, 
Sulphuretted  hydrogen. 

0-6220 

0-4806 

0-2989 

1-1746 

0-2432 

0-2857 

Sulphur  dioxide. 

2-2112 

0-1644 

0-3414 

Vapour  of  carbon  bisulphide. 

2-6268 

0  1569 

0-4122 

Hydrochloric  ixcid,     . 

1-2596 

0-1852 

0-2383 

Ammonia,         .        .        .        . 

0-6894 

0-5084 

0-2996 

The  researches  of  Delaroche  and  Bi^rard  led  them  to  suppose 
that  the  specific  heat  of  gases  increased  rapidly  as  the  tempera- 
ture was  raised,  and  that  for  a  given  volume  of  gas  it  increased 
in  proportion  to  the  density  or  tension  of  the  gas.  Kegnault  found, 
however,  the  quantity  of  heat  which  a  given  volume  of  gas  requires 
to  raise  it  to  a  certain  temperature,  to  be  independent  of  its  density; 
and  that  for  each  degree  between -30°  and  225°  it  is  constant 
Carbon  dioxide,  however,  forms  an  exception  to  this  rule,  its 
specific  heat  increasing  with  the  temperature.  In  the  table  mean 
values  for  temperatures  between  10°  an4  200°  have  been  given. 

Several  phvsicists  have  held  that  the  specific  heats  of  elementarv 
maes,  referred  to  equal  volumes,  are  identical.  The  numbers  which 
Kegnault  found  for  chlorine  and  bromine,  however,  show  that  the 
law  does  not  hold  good  for  all  elementary  gases. 

It  has  been  already  stated  that,  when  a  gas  expands  heat  becomes 
latenl  If  a  gas  on  expanding  be  not  supplied  with  the  requisite 
heat,  its  temperature  falls  on  account  of  its  own  free  heat  becoming 
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latent,  that  is  to  Baj,  expended  in  overcoming  pressure.  On  the 
other  hand,  if  a  ^  be  compressed,  this  latent  heat  becomes  free,  and 
causes  an  elevation  of  temperature,  which,  under  f&vourable  circum- 
stances, may  be  raised  to  ignition ;  syringes  by  which  tinder  is 
kindled  are  constructed  on  tms  principle. 

Change  of  State, 

1.  Fugion  and  Solidification, 

Solid  bodies  when  heated  are  expanded ;  many  are  liquefied. 
%.e,f  they  melt  or  fuse.  The  melting  of  solids  is  frequently  precedea 
by  a  gradual  softening,  more  specially  when  the  temperature 
approaches  the  point  of  fusion.  Tnis  phenomenon  is  observed  in 
the  case  of  wax  or  iron.  In  the  case  of  other  solids — of  zinc  and 
lead,  for  instance — and  several  other  metals,  this  softening  is  not 
observed.  Qenerally,  bodies  expand  during  the  process  of  fusion ; 
an  exception  to  this  rule  is  water,  which  expands  during  freezing 
(10  voL  of  water  produce  nearly  11  voL  of  ice),  while  ice  when 
melting  produces  a  proj)ortionately  smaller  volume  of  water.  The 
ex{)an8ion  of  bodies  during  fusion,  and  at  temperatures  preceding 
fusion,  or  the  contraction  during  solidification  and  furtherTrefrigera- 
tion,  is  very  unequal.  "Wax  erpands  considerably  before  fusing, 
and  comparatively  little  during  lusion  itself.  Wax,  when  pour^ 
into  moulds,  fills  them  perfectly  during  solidification,  but  after- 
wards contracts  considerably.  Stearic  acid,  on  the  contrary,  expands 
verv  little  before  fusion,  but  rather  considerably  during  fusion, 
and  consequently  pure  stearic  acid  when  poured  into  moulds 
solidifies  to  a  rou^h  porous  mass,  contracting  little  by  further 
cooling.  The  addition  of  a  little  wax  to  stearic  acid  prevents  the 
powerful  contraction  in  the  moment  of  solidification,  and  renders  it 
more  fit  for  being  moulded. 

Latent  Heat  of  Fusion, — During  fusion  bodies  absorb  a  certain 
quantity  of  heat,  which  is  not  indicated  by  the  thermometer ;  at  a 
given  temperature — the  melting  point,  for  instance — a  certain 
weight  of  substance  contains  when  solid  less  heat  than  when  liquid. 

If  equal  weights  of  water  at  0**  and  water  at  79°  be  mixed,  Uie 
temperature  of  the  mixture  will  be  the  mean  of  the  two  tempera- 
tures, or  39*5°.  If  the  same  experiment  be  repeated  with  snow  or 
finelv-powdered  ice  at  0°,  and  water  at  79°,  the  temperature  of  the 
whole  will  be  only  (f,biUtheice  wiU  have  heen  meltea. 

1  lb.  of  water  at  0°         )        «  «        .       .  on.r* 
1  lb.  of  water  at  79«       1=2 1^-  water  at  895 

1  lb.  of  ice  at  0**  )   «  o  iv  ««*«.  .«•  no 

1  lb.  of  water  at  rS'       }   =  2  lb.  water  at  0 

In  the  last  experiment,  therefore,  as  much  heat  has  been  apparently 
lost  as  would  nave  raised  a  quantity  of  water  equal  to  that  of  the 
joe  thioi^h  a  range  of  79% 
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The  heat,  thus  become  insensible  to  the  thermometer  in  effecting 
the  li(|uefaction  of  the  ice,  is  called  latent  heat,  or  better,  heat 
of  fluidity. 

Again,  let  a  perfectly  uniform  source  of  heat  be  imagined,  of  such 
intensity  that  a  lb.  of  water  placed  over  it  would  have  its  tempera- 
ture raised  5°  per  minute.  Starting  with  water  at  0°,  in  rather 
less  than  16  minutes  its  temperature  would  have  risen  79° ;  but  the 
same  quantity  of  ice  at  (f,  exposed  for  the  same  interval  of  time, 
would  not  have  its  temperature  raised  a  single  degree.  But,  then,  it 
would  have  become  water ;  the  heat  received  would  have  been 
exclusively  employed  in  effecting  the  change  of  state. 

This  heat  ia  not  lost,  for  idien  the  water  freezes  it  is  again 
evolved.  If  a  tall  jar  of  water,  covered  to  exclude  dust,  be  placed 
in  a  situation  where  it  shall  be  quite  undisturbed,  and  at  the  same 
time  exposed  to  great  cold,  the  temperature  of  the  water  may  be 
reduced  10°  or  more  below  its  freezing  point  without  the  formation 
of  ice ;  *  but  then,  if  a  little  agitation  oe  communicated  to  the  jar, 
or  a  grain  of  sand  dropped  into  the  water,  a  portion  instantly 
solidifies,  and  the  temperature  of  the  whole  rises  to  0° ;  the  heat 
disengaged  by  the  freezing  of  a  small  portion  of  the  water  is 
sufficient  to  raise  the  whole  contents  of  the  jar  5°. 

This  curious  condition  of  instable  ec[uilibrium  shown  by  the 
very  cold  water  in  the  preceding  experiment,  may  be  reproduced 
with  a  variety  of  solutions  which  tend  to  crystallise  or  solidify, 
but  in  which  that  chan^  is  for  a  while  suspended.  Thus,  a  solu- 
tion of  crystallised  sodium  sulphate  in  its  own  weight  of  warm 
water,  left  to  cool  in  an  open  vessel,  de{>osits  a  large  Quantity  of 
the  salt  in  crystals.  If  the  warm  solution,  however,  oe  filtered 
into  a  clean  flaisk,  which  when  full  is  securely  corked  and  set  aside 
to  cool  undisturbed,  no  crystals  will  be  deposited,  even  after  many 
days,  until  the  cork  is  withdrawn  and  the  contents  of  the  flask  are 
violently  shaken.  Crystallisation  then  rapidly  takes  place  in  a 
very  beautiful  manner,  and  the  whole  becomes  perceptively  warm* 
The  law  above  illustrated  in  the  case  of  water  is  perfectly  general 
Whenever  a  solid  becomes  a  liquid,  a  certain  uxed  and  definite 
amount  of  heat  disappears,  or  becomes  latent;  and  conversely, 
whenever  a  liquid  becomes  solid,  heat  to  a  corresponding  extent  is 
given  out. 

The  following  table  exhibits  the  melting  points  of  several  sub- 

*  FoAed  bodies,  when  cooled  down  to  or  below  their  fusing  point,  frS' 
qnently  remain  liquid,  more  especially  when  not  in  contact  with  solid  bodies. 
Thui^  water  in  a  mixture  of  oil  of  almonds  and  chloroform,  of  specific  gravity 
equal  to  its  own,  remains  liquid  to  -10°  ;  in  a  similar  manner  fused  sulphur 
or  j>hoephoru8,  floating  in  a  solution  of  zinc  chloride  of  appropriate  concen- 
tration, retains  the  liquid  condition  at  temperatures  40  below  its  fusing 
point.  Liquid  bodies,  thus  cooled  below  tiieir  fusing  x)oint,  frequently 
solidity  when  touched  with  a  solid  substance,  invariably  when  brought  in 
contact  with  ;a  fra^ent  of  the  same  body  in  the  solid  state.  A  body  thus 
retained  in  the  liquid  state  above  its  ordinary  solidifying  point,  is  said  to  be  in 
a  state  of  tm/unon  or  tuper/iuion. 
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stances,  and  their  latent  heats  of  fusion  expressed  in  gram-degrees — 
that  is  to  say,  the  numbers  in  the  column  headed  "latent  heat" 
denote  the  number  of  ^ms  of  water,  the  temperature  of  which 
would  be  raised  1°  centigrade  by  the  quantity  oi  heat  required  to 
fuse  one  gram  of  the  several  solicis : — 


Sabftanoe. 

Melting 
Point 

Latent 
Heat 

Snbitance. 

MelUnff 
Point 

Latent 
Hoat 

Mercury,      .     . 
Phosphorus, 
Lead,       .     .     . 
Sulphur,       .     . 
lodme,     .     .     . 
Bismuth,      .     . 
Cadmium,    .     . 

-89** 
+  44 
882 
116 
.107 
270 
820 

2-82 

6-0 

6*4 

9-4 

11-7 

12-6 

18-6 

Tin, 

Silver,    .... 
Zinc,      .... 
Calcium  chloride  ) 
(CaCl,6H,0),    J 
Potassium  mtrate. 
Sodium  nitrate,    . 

286' 
1000 
488 

28-6 

889 
810-6 

14-26 
21  1 
28-1 

40-7 

47-4 
68  0 

Freezing  Mixtures. — ^When  a  solid  substance  can  be  made  to 
liquefy'  by  a  weak  chemical  attraction,  cold  results,  from  sensible 
heat  Decoming  latent.  This  is  the  principle  of  frigorific  mixtures. 
When  snow  or  powdered  ice  is  mixed  with  common  salt,  and 
a  thermometer  plunged  into  the  mass,  the  mercury  sinks  to 
0°  F.  (  —  17-7°  C.),  while  the  whole  after  a  short  time  becomes 
fluid  by  the  attraction  between  the  water  and  the  salt ;  such  a 
mixture  is  very  ^often  used  in  chemical  experiments  to  cool  receivers 
and  condense  the  vapours  of  volatile  liqmds.  Powdered  crystallised 
calcium  chloride  ana  snow  produce  cold  enough  to  freeze  mercury. 
Even  powdered  potassium  nitrate,  or  sal-ammoniac,  or  ammonium 
nitrate,  dissolved  in  water,  occasions  a  very  notable  depression  of 
temperature  ;  in  everv  case,  in  short,  in  which  solution  is  unaccom- 
pamed  by  energetic  chemical  action,  cold  is  produced. 

No  relation  can  be  traced  between  the  actual  melting  point  of  a 
substance  and  its  latent  heat  when  in  the  fused  state. 

2.  Vaporisation  and  Condensation, 

A  law  of  exactly  the  same  kind  as  that  above  described  affects 
universally  the  gaseous  condition  ;  change  of  state  from  solid  or 
liquid  to  gas  is  accompanied  by  absorption  of  sensible  heat,  and 
the  reverse  by  its  disengagement.  The  latent  heat  of  steam  and 
other  vapours  may  be  a.scertained  by  a  mode  of  investigation  similar 
to  that  employed  in  the  case  of  water. 

When  water  at  0°  is  mixed  with  an  equal  weight  of  water  at 
100^,  the  whole  is  found  to  possess  the  mean  of  the  two  tempera- 
tures, or  50°  ;  on  the  other  hand,  1  part  by  weight  of  steam  at  100°, 
when  condensed  in  cold  water,  is  found  to  be  capable  of  raising 
5-4  parts  of  the  latter  from  the  freezing  to  the  boiling  point,  or 
fhiough  a  range  of  100°.    Now  100  x  6*4  »  540° ;  that  is  to  say, 
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steam  at  100^,  in  becoming  water  at  100°,  parts  with  enough  heat 
to  raise  a  weight  of  water  equal  to  its  own  (if  it  were  possible) 
640°  of  the  thermometer,  or  540  times  its  own  weight  of  water  one 
degree.  When  water  passes  into  steam  the  same  quantity  of 
sensible  heat  becomes  latent. 

The  vapours  of  other  licjuids  seem  to  have  less  latent  heat  than 
that  of  water.  The  foUowmg  table  is  by  Dr  Andrews  of  BelfjEist, 
and  serves  well  to  illustrate  this  point.  The  latent  heats  are 
expressed,  as  in  the  last  table,  in  gram-degrees  : — 

Latent  Heat. 
Vapour  of  water, 685*90'* 


99 

>> 


>> 


it 


it 


ft 


ft 


»» 


alcohol,  . 

ether, 

oxalic  ether, 

acetic  ether, 

ethylic  iodide, 

wood  soirit,    . 

carbon  oisulphide, 

tin  tetrachloride, 

bromine, 

oil  of  turpentine. 


202*40 
90*45 
72*72 
92*68 
46*87 

263*70 
86*67 
30*85 
45*66 
74-03 


Boiling  or  Ebullition  is  occasioned  by  the  formation  of  bubbles 
of  vapour  within  the  body  of  the  evaporating  liquid,  which  rise 
to  the  surface  like  bubbles  of  permanent  gas.  Tms  occurs  in  different 
liqiiids  at  very  different  temperatures.  Under  the  same  circum- 
stances, the  boiling  point  is  quite  constant,  and  often  becomes 
a  phvsical  character  of  great  importance  in  distinguishing  liquids 
which  much  resemble  each  other.  A  few  cases  may  be  cited  in 
illustration : — 

Sabitaiice.  Boiling  Point. 

Aldehyde 20*8* 

Ether, 84*9 

Carbon  bisulphide, 46*1 

Alcohol, 78*4 

Water, 100 

Kitric  acid,  strong,  ^ 120 

Oil  of  turpentine, 157 

Sulphuric  acid, 826*6 

Mercury, 850 

For  ebullition  to  take  place,  it  is  necessary  that  the  elasticity  of 
the  vapour  should  be  able  to  overcome  the  cohesion  of  the  liquid 
and  the  pressure  upon  its  surface  :  hence  the  extent  to  w^hich  the 
boiling  point  may  be  modified. 

Water,  under  the  usual  pressure  of  the  atmosphere,  boils  at  100° 
(212®  F.) ;  in  a  partially  exhausted  receiver  or  on  a  mountain-top 
it  boils  at  a  mucn  lower  temperature  ;  and  in  the  best  vacuum  of 
an  air-pump,  over  oil  of  vitnol,  which  absorbs  the  vapour,  it  will 
often  enter  mto  violent  ebullition  while  ice  is  in  the  act  of  forming 
upon  the  snrfoce. 
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On  the  other  hand,  water  confined  in  a  "very  strong  metallic  vessel 
may  be  restrained  firom  boiling  by  the  pressure  of  its  own  vapour 
to  an  almost  unlimited  extent;  a  temi)erature  of  177^  or  204^  is 
very  easily  obtained,  and,  in  &ct,  it  is  said  that  water  may  be  made 
red-hot,  and  yet  retain  its  liquidity. 

There  is  a  very  simnle  and  beautiful  experiment  illustrative  of 
the  effect  of  diminishea  pressure  in  lowering  the  boiling  point  of 
a  liquid.  A  little  water  is  made  to  boil  for  a  few  minutes  in  a 
flask  or  retort  placed  over  a  lamp,  until  the  air  has  been  chased 
out,  and  the  steam  issues  freely  from  the  neck.  A  tightly  fitting 
cork  is  then  inserted,  and  the  lamp  at  the  same  moment  with- 
drawn. When  the  boiling  ceases,  it  may  be  renewed  at  pleasure 
for  a  considerable  time  bv  pouring  cold  water  on  the  flask,  so  as  to 
condense  the  vapour  witnin,  and  occasion  a  partial  vacuum. 

The  nature  of  the  vessel,  or,  rather,  the  state  of  its  surface, 
exercises  an  influence  upon  the  boiling  point,  and  this  to  a  much 
greater  extent  than  was  formerly  supposed.  It  has  long  been 
noticed  that  in  a  metallic  vessel  water  boils,  under  the  same 
circumstances  of  pressure,  at  a  temperature  one  or  two  degrees  below 
that  at  which  ebullition  takea  P^ce  in  glass ;  but  by  particular 
management  a  much  greater  dinerence  can  be  observed.  If  two 
similar  class  flasks  be  taken,  the  one  coated  in  the  inside  with  a 
film  of  snellac,  and  the  other  completelv  cleansed  by  hot  sulphuric 
acid,  water  heated  over  a  lamp  in  the  first  will  boil  at  99*4°,  while 
in  the  second  it  will  often  rise  to  106°  or  even  higher ;  a  momentary 
burst  of  vapour  then  ensues,  and  the  thermometer  sinks  a  few 
degrees,  after  which  it  rises  again.  In  this  state,  the  introduction 
of  a  few  metallic  tilings,  or  angular  fra^ents  of  any  kind,  occasions 
a  lively  disengagement  of  vapour,  while  the  temperature  sinks  to 
100°,  and  there  remains  stationary.  These  remarkable  efi'ects  must 
be  attributed  to  an  attraction  between  the  surface  of  the  vessel  and 
the  liquid. 

When  out  of  contact  with  solid  bodies,  liquids  not  only  solidify 
with  reluctance,  but  also  assume  the  gaseous  condition  with  greater 
difficulty.  Drops  of  water  or  of  aqueous  saline  solutions  floating 
on  the  contact-surface  of  two  liquids,  of  which  one  is  heavier  and 
the  other  lighter,  may  be  heated  from  10  to  20  degrees  above  the 
ordinarv  boiling  point;  explosive  ebullition,  however,  is  instan- 
taneously induced  oy  contact  with  a  solid  substance. 

A  cubic  inch  of  water  in  becoming  steam  under  the  ordinary 
pressure  of  the  atmosphere  expands  into  1696  cubic  inches,  or 
nearly  a  cubic  foot 

Steam,  not  in  ccmUict  with  water,  is  affected  by  heat  in  the  same 
manner  as  the  permanent  gases ;  its  rate  of  expansion  and  increase 
of  elastic  force  are  practically  the  same.  When  water  is  present, 
the  rise  of  temperature  increases  the  quantity  and  density  of  the 
steam,  and  hence  the  elastic  force  increases  in  a  far  more  rapid 
proportion. 

This  elastic  force  of  steam  in  contact  with  water,  at  different 
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temperatures,  has  been  ver^  carefiilly  determined  by  Aiago  and 
Dolong,  and  lately  by  Magnus  and  Regnault.  The  force  is 
expressed  in  atmospheres;  the  absolute  pressure  upon  any  given 
surface  can  be  easily  calculated,  allowing  14'6  lb.  per  square  inch 
to  each  atmosphere.  The  experiments  were  carried  to  twenty-five 
atmospheres — at  which  point  the  difficulties  and  danger  became 
so  great  as  to  put  a  stop  to  the  inquiry ;  the  rest  of  the  table  is 
the  result  of  calculations  founded  on  the  data  so  obtained  : — 


PraMore  of  steam 

Clorreaponding 

PrMsnre  of  Steam 

Corresponding 

in  Atmotpherea. 

Tempentare. 

in  Atmoapherea. 

Temperature. 

1 

100** 

18 

194* 

1-6 

112 

14 

197 

2 

122 

15 

200-6 

2-5 

102 

16 

208 

8 

135 

17 

207 

8-5 

140-5 

18 

209 

4 

145*5 

19 

212 

4-5 

149 

20 

214 

5 

158 

21 

217 

6-5 

157 

22 

219 

6 

160 

28 

222 

6-5 

168 

24 

224 

7 

167 

25 

226 

7-5 

169 

80 

286 

8 

172 

85 

245 

9 

177 

40 

258 

10 

182 

45 

255 

11 

186 

50 

266 

12 

190 

It  is  very  interesting  to  know  the  amount  of  heat  requisite  to 
convert  water  of  any  given  temperature  into  steam  of  the  same  or 
another  given  temperature.  The  most  exact  experiments  on  this 
subject  have  been  made  by  Regnault  He  arrived  at  this  result, 
that  when  the  imit-weight  of  steam  at  the  temperature  ^  is  con- 
verted into  water  of  the  same  temperature,  and  then  cooled  to  0°, 
its  gives  out  the  quantity  of  heat  T,  which  is  represented  by  the 
formula : — 

T = 606-5 -f- 0-305  e. 

This  formula  appears  to  hold  ^d  for  temperatures  both  above 
and  below  the  ordinary  boiling  point  of  water.  The  following  table 
gives  the  values  of  T,  corresponding  to  the  respective  temperatures 
in  the  first  column : — 


t 

0** 

50 

100 

150 

200 


T 
606-5'* 
621-7' 
637-0 
652-2 
667-5 
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T  is  called  tbe  total  beat  of  steam,  being  tbe  beat  required  to 
raise  water  from  (f  to  t,  togetber  witb  tbat  wbicb  becomes  latent 
by  tbe  transformation  of  water  at  f  into  steam  at  f,  Begnanlt 
states,  as  a  result  of  some  very  delicate  experiments,  tbat  tbe  beat 
necessary  to  raise  a  unit-weigbt  of  water  from  0°  to  r  is  not  exactly 
denoted  by  t ;  tbe  discrepancy,  bowever,  is  so  small  tbat  it  may  be 
disregarded.  Employing  tbe  approximate  value,  tbe  latent  beat  of 
steam,  L,  at  any  temperature  will  be  found  by  subtracting  t  haai 
tbe  total  beat ;  or,  according  to  tbe  formula : — 

L  =  606-6  -  0-696  e. 

Tbis  equation  sbows  us  tbe  remarkable  fsict  tbat  tbe  latent  beat 
of  steam  diminisbes  as  tbe  temperature  rises.  Before  Regnault's 
experiments  were  made,  two  laws  of  great  simplicity  were  generally 
admitted,  one  of  wbicb,  bowever,  contradicted  the  otber.  Watt 
concluded,  from  experiments  of  bis  own,  as  well  as  from  theoretical 
speculations,  tbat  tbe  total  beat  of  steam  would  be  tbe  same  at  all 
temperatures.  Were  tbis  true,  equal  weights  of  steam  passed  into 
cola  water  would  always  exhibit  the  same  beating  power,  no  matter 
what  the  temperature  of  the  steam  might  be.  Exactly  the  same 
ahsoliUe  amount  of  beat,  and  consequently  the  same  quantity  of 
fuel,  would  be  required  to  evaporate  a  given  weight  of  water  in 
vacuo  at  a  temperature  which  the  hand  can  bear,  or  under  great 
pressure  and  at  a  high  temperature.  Wattes  law,  though  agreeing 
well  with  the  rough  practical  results  obtained  by  engineers,  is  only 
approximately  true ;  and  the  same  may  be  said  of  the  deductions 
which  have  just  been  made  from  it.  Tne  second  law,  in  opposition 
to  Watt's,  is  that  of  Southern,  stating  the  latent  heat  of  steiemi  to  be 
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tbe  same  at  all  temperatures.  Regnault's  researches  have  shown 
tbat  neither  Watt's  law  {T  constant)  nor  Southern's  law  (L  constant) 
iflconect. 
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DittilkUion, — The  process  of  distillation  is  very  simple  :  its  object 
is  either  to  separate  substances  which  rise  in  vapour  at  difTerent 
temperatures,  or  to  r^  a  volatile  liquid  from  a  substance  incapable 
of  volatilisation.  The  same  process  applied  to  bodies  which  pass 
directly  from  the  solid  to  the  gaseous  condition,  and  the  reverse,  is 
called  sublvmation.  Every  distillatory  apparatus  consists  essentially 
of  a  boiler,  in  which  the  vapour  is  raised,  aud  of  a  condenser,  in 
which  it  returns  to  the  liquid  or  solid  condition.  In  the  still 
employed  for  manufacturing  purposes,  the  latter  is  usually  a  spiral 
metal  tube  immersed  in  a  tuo  of  water.  The  common  retort  and 
receiver  constitute  the  simplest  arrangement  for  distillation  on  the 
small  scale  ;  the  retort  is  neated  by  a  gas  Itmip,  and  the  receiver  is 
kept  cool,  if  necessary,  by  a  wet  cloth,  or  it  may  be  surrounded  with 
ice  (%  23). 

Liebig's  condenser  (fig.  24)  is  a  veiy  valuable  instrument  in  the 
laboratory ;  it  consists  of  a  glass  tube  tapering  from  end  to  end, 
fixed  by  perforated  corks  in  the  centre  of  a  metal  pipe,  provided 
with  tubes  so  arranged  that  a  current  of  cold  water  may  circulate 
through  the  apparatus.  By  putting  ice  into  the  little  cistern,  the 
water  may  be  Kept  at  0%  and  extremely  volatile  liquids  condensed. 


Tension  of  Vapours, — Liquids  evaporate  at  temperatures  below 
their  boiling  points ;  in  this  case  the  evaporation  taxes  place  slowly 
from  the  surmce.  Water,  or  alcohol,  exposed  in  an  open  vessel  at 
the  temperature  of  the  air,  gradually  disappears ;  the  more  rapidly, 
the  warmer  and  drier  the  air. 

This  fact  was  formerly  explained  by  supposing  that  air  and  gases 
in  general  had  the  power  of  dissolving  and  nolding  in  solution 
certain  quantities  oi  liquids,  and  that  this  power  increased  with 
the  temperature ;  such  an  idea  is  incorrect. 

If  a  barometer-tube  be  carefully  filled  with  mercury  and  inverted 
in  the  usual  manner,  and  then  a  few  drops  of  water  passed  up  the 
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tube  into  the  vacnnm  above,  a  very  lemarkable  effect  ^rill  be 
observed, — ^the  mercuiy  will  be  depressed  to  a  small  extent,  and 
this  depression  will  increase  with  increase  of  temperatoie.  ^  Now. 
as  the  space  above  the  mercuiy  is  void  of  air,  and  the  weight  of 
the  few  drops  of  water  quite  inadequate  to  account  for  this  depies* 
sion,  it  must  of  necessity  be  imputed  to  the  vapour  which  instan- 
taneously rises  from  the  water  into  the  vacuum ;  and  that  this  effect 
is  really  due  to  the  elasticity  of  the  aqueous  vapour,  is  easily  proved 
by  exposing  the  barometer  to  a  heat  ol  100°,  when  the  depression  of 
the  mercury  will  be  complete,  and  it  will  stand  at  the  same  level 
within  and  without  the  tube ;  indicating  that  at  that  tempemtme 
the  elasticitv  of  the  vapour  is  equal  to  that  of  the  atmosphere— a 
hct  which  the  phenomenon  of  ebullition  has  already  shown. 
By  placing  over  the  barometer  a  wide  open  tube  dipping  into 
Fig.  K,  '  the  mercury  below  (fig.  26),  and  then  filling  this  tube 
with  water  at  different  temperatures,  the  tension  of  the 
aqueous  vapour  for  each  degree  of  the  thermometer  may 
be  accurately  determined  by  its  depressinjy^  effect  upon 
the  mercurial  column ;  the  same  power  which  forces  the 
latter  dovm  one  inch  against  the  pressure  of  the  atmo- 
sphere, would  of  course  elevate  a  column  of  mercury  to 
tne  same  height  against  a  vacuum,  and  in  this  way  the 
tension  may  be  conveniently  expressed.  The  following 
table  was  orawn  up  by  Dalton,  to  whom  we  owe  the 
method  of  investigation  : — 


Tension  in 

Tension  in 

Temperature. 

Inches  of 

Tempentnre. 

Inches  of 

F. 

G 

Merctiry. 

F. 

C. 

Mercuiy. 

82** 

0^ 

0.200 

130** 

54 -4' 

4-84 

40 

4-4 

0-208 

140 

60 

5-74 

50 

10 

0-375 

150 

65-5 

7-42 

60 

15-5 

0*524 

160 

71-1 

9-46 

70 

21-1 

0-721 

170 

76-6 

1218 

80 

26-6 

1-000 

180 

82-2 

1515 

90 

82-2 

1-360 

190 

87-7 

19  00 

100 

377 

1-860 

200 

93-8 

23-64 

110 

43-8 

2-530 

212 

100 

80-00 

120 

48-8 

8-830    1 

Another  table  representing  the  tension  of  the  vapour 
of  water,  drawn  up  by  Regnault,  is  given  in  the  Appendix 
to  this  volume. 

Other  liquids  tried  in  this  manner  are  found  to  emit 
vapours  of  ^;reater  or  less  tension,  for  the  same  tempera- 
ture, accordmg  to  their  different  degrees  of  volatility  J 
thus,  a  little  ether  introduced  into  the  tube  depresses 
the  mercury  10  inches  or  more  at  the  ordinary  tem- 
perature of  the  air ;  oil  of  vitriol,  on  the  other  hand,  does  not 
emit  any  sensible  quantity  of  vapour  until  a  much  greater  heat  is 
applied ;  and  that  given  off  by  mercury  itself  in  warm  summer 
weather,  although  it  may  be  aetected  by  veiy  delicate  means,  is 
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ceases.    Any 

Fig.S«. 


far  too  litde  to  exercise  any  effect  upon  the  barometer.  In  the 
case  of  water,  the  evaporation  is  quite  distinct  and  perceptible  at 
the  lowest  temperatures  when  frozen  to  solid  ice  in  the  barometer- 
tabe ;  snow  on  the  ground,  or  on  a  housetop,  may  often  be  noticed 
to  vanish,  from  the  same  cause,  day  by  day  in  the  depth  of  winter, 
when  melting  is  impossible. 

There  exists  for  each  vapour  a  state  of  density  whidi  it  cannot 
pass  without  losing  its  gaseous  condition,  and  becoming  liauid ; 
tills  is  called  the  wndUion  of  maxMrnm,  dennty.  When  a  volatile 
liquid  18  introduced  in  sufficient  quantity  into  a  vacuum,  this 
conditio^  is  always  reached,  and  then  evaporation 
attempt  to  increase  the  density  of  this  vapour  by 
compressing  it  into  a  smaller  space  will  be  attended 
by  tne  liquefJEuition  of  a  portion,  the  density  of  the 
zemainder  beins  unchanged.  If  a  little  ether  be  in- 
troduced into  a  barometer,  and  the  latter  do wly  sunk 
into  a  very  deep  cistern  of  mercury  (fig.  26)  it  will  be 
found  that  the  height  of  the  column  of  mercury  in  the 
tube  above  that  in  the  cistern  remains  unaltered  until 
the  upper  extremity  of  the  barometer  approaches  the 
eaiiace  of  the  metal  in  the  column,  ana  all  the  ether 
has  become  liquid.  It  will  be  observed  also,  that, 
ae  the  tube  sinks,  the  stratum  of  liquid  ether  increases 
in  thickness,  but  no  increase  of  elastic  force  occurs 
in  the  vapour  above  it,  and  consequently,  no  increase 
of  density  :  for  tension  and  densi^  are  always,  under 
ordinary  circumstances  at  least,  mrectly  proportion- 
ate to  each  other. 

The  maximum  density  of  vapours  is  dependent 
npon  the  temperature ;  it  increases  rapidly  as  the 
temperature  rises.  This  is  well  shown  in  the  case 
of  water.  Thus,  taking  the  spec.  grav.  of  atmo- 
spheric air  at  lOO^aiooo,  that  oi  aqueous  vapour  in 
its  greatest  state  of  compression  for  the  temperature 
will  be  as  follows : — 


Temp 
F. 

eratnn. 

SpedflcGntTlty. 

Weight  of  100  Cable 
Inches. 

sr 

0^ 

5-690 

0*186  grains. 

50 

10 

10*298 

0*247      „ 

60 

15*5 

14*108 

0*888      „ 

100 

877 

46*500 

1118      „ 

150 

65-5 

170*298 

4*076     „ 

212 

100 

625*000 

14*962      .. 

l! 


The  last  number  was  experimentally  found  by 
Gay-Luflsac;  the  others  are  calculated  from  that 
by  the  aid  of  Dalton's  table  of  tensions,  on  the 
BflBumption  that  steam,  not  in  a  state  of  saturation,  that  is,  below 
the  point  of  greatest  density,  obeys  Boyle's  law  (which  is,  however. 
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only  approximately  trae),  and  that  when  it  is  cooled  it  contzBcts 
like  the  permanent  gaaes. 

Thus,  there  are  two  distinct  methods  by  which  a  Tapour  may  be 
reduced  to  the  liquid  iorm— pressure,  by  causing  increase  of  denaitr 
until  the  point  of  maximum  density  for  a  given  temperature  is 
reached  ;  and  cold,  by  which  the  point  of  maximum  density  is  itself 
lowered.  The  most  powerful  effects  are  produced  when  both  are 
conjoined. 

For  example,  if  100  cubic  inches  of  vapour  of  water  at  100^  F.,  in 
the  state  aoove  described,  had  its  temperature  reduced  to  50^  F^ 
not  less  than  0*89*  grain  of  liquid  water  would  necessarily  separate, 
or  very  nearly  eight-tenths  of  the  whole. 

Evaporation  into  a  space  filled  with  air  or  gas  follows  the  same 
law  as  evaporation  into  a  vacuum  ;  as  much  vapour  rises,  and  the 
condition  of  maximum  density  is  assumed  in  the  same  manner,  as 
if  the  space  were  ^rfectly  empty ;  the  sole  difference  lies  in  the 
leng:th  of  time  required.  When  a  liquid  evaporates  into  a  vacuum, 
the  point  of  greatest  density  is  attained  at  once,  while  in  the 
other  case  some  time  elapses  before  this  happens :  the  particles  of 
air  api>ear  to  oppose  a  sort  of  mechanical  resistance  to  the  rise  of 
the  vapour.    The  ultimate  effect  is,  however,  precisely  the  same. 

When  to  a  quantity  of  i)erfectly  diy  gas  confined  in  a  vessel 
closed  by  mercury,  a  little  water  is  added,  the  latter  immediately 
begins  to  evaporate,  and  after  some  time  as  much  vapour  will  be 
found  to  have  risen  from  it  as  if  no  gas  had  been  present,  the 
quantity  depending  entirely  on  the  temperature  to  whicn  the  whole 
is  subjectea.  The  tension  of  this  vapour  wiU  add  itself  to  that  of 
the  gas,  and  produce  an  expansion  of  volume,  which  will  be 
indicated  by  an  alteration  of  level  in  the  mercury. 

Vapour  of  water  exists  in  the  atmosphere  at  all  times,  and  in  cdl 
situations,  and  there  plays  a  most  important  part  in  the  economy  of 
nature.  The  proportion  of  aqueous  vapour  present  in  the  air  is 
subject  to  great  variation,  and  it  often  l)ecome8  important  to  deter- 
mine its  quantity.  This  is  easily  done  by  the  aid  of  the  foregoing 
principles. 

Dew-point. — If  the  acjueous  vapour  be  in  its  condition  of  greatest 
possible  density  for  the  temperature,  or,  as  it  is  frequently  but  most 
incorrectly,  expressed,  the  air  be  saturated  with  vajKmr  of  water,  the 
slightest  reduction  of  temperature  will  cause  the  deposition  of  a 
portion  in  the  Liquid  form.  If,  on  the  contrary,  as  is  almost  always 
m  reality  the  case,  the  vapour  of  water  be  below  its  state  of  maximum 
density,  that  is,  in  an  expanded  condition,  it  is  clear  that  a  consider- 
able fall  of  temperature  may  occur  before  liquefaction  commences. 
The  degree  at  which  this  takes  place  is  called  the  dew-point,  and 
it  is  determined  with  wre&t  facility  by  a  very  simple  method.  A 
little  cup  of  thin  tin-plate  or  silver,  well  polished!,  is  filled  with 
water  at  the  temperature  of  the  air,  and  a  delicate  thermometer 

♦100  cub.  inch,  aqueous  vapour  at  100°  F.,  weighing  1-118  grain,  would 
at  fiO*  F.  become  reduced  to  91*07  cub.  inch.,  weighing  0*225  grain. 
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inserted.  The  water  is  then  cooled  by  dropping  in  fragments  of  ice, 
or  dissolving  in  it  powdered  sal-ammoniac,  untu  moisture  begins  to 
make  its  appearance  on  the  outside,  dimming  the  bright  metallic 
sniface.  Tne  temperature  of  the  dew-point  is  then  read  off  upon 
the  thermometer,  and  compared  with  that  of  the  air. 

Suppose,  by  way  of  example,  that  the  latter  were  70°  F.,  and 
the  dew-point  50^  F.,  the  elasticity  of  the  watery  vapour  present 
would  correspond  to  a  maximum  density  proper  to  50°  F.,  and 
would  support  a  column  of  mercury  0*375  mch  high.  If  the 
barometer  on  the  spot  stood  at  30  inches,  therefore,  29*625  inches 
would  be  supported  by  the  pressure  of  the  dry  air,  and  the  remain- 
ing 0*375  inch  by  the  vapour.  Now,  a  cubic  foot  of  such  a  mixture 
must  be  looked  upon  as  made  up  of  a  cubic  foot  of  dry  air,  and  a 
cubic  foot  of  watery  vapour,  occupying  the  same  apace,  and  having 
tensions  indicated  oy  tne  numbers  just  mentionea.  A  cubic  foot, 
or  1728  cubic  inches  of  vapour  at  70°  F.,  would  become  reduced 
by  contraction,  according  to  the  usual  law,  to  1662*8  cubic  inches 
at  50^  F. ;  this  vapour  would  be  at  its  maximum  density,  having 
the  specific  gravity  pointed  out  in  the  table :  hence  1662*8  cubic 
inches  would  weigh  4*11  grains.  The  weight  of  the  acjueous  vapour 
contained  in  a  cubic  foot  of  air  will  thus  be  ascertamed.  In  this 
country  the  difference  between  the  temperature  of  the  air  and  the 
dew-point  seldom  reaches  30°  F.  (16*6^  C);  but  in  the  Deccan, 
with  a  temperature  of  90°  F.  (32*2°  C),  the  dew-point  sinks  as  low 
as  29°  F.,  making  the  degrees  of  dryness  61°  F.* 

Liquefaction  of  Oases. — The  perfect  resemblance  in  every  respect 
which  vapours  bear  to  permanent  gases,  led,  very  naturally,  to  the 
idea  that  the  latter  might,  by  the  application  of  suitable  means,  be 
made  to  assume  the  liquid  state,  ana  this  surmise  has  been  verified 
to  a  great  extent  by  the  experiments  of  Faraday.  Out  of  the  small 
number  of  such  substances  tried,  no  fewer  than  eight  gave  way ; 
and  it  is  quite  fair  to  infer  that,  had  means  of  sufficient  power 
been  at  hand,  the  rest  would  have  shared  the  same  fate,  and  proved 
to  be  nothing  more  than  the  vapours  of  volatile  liquids  in  a  state 
very  far  removed  fiom  that  of  their  maximum  density.  The 
subjoined  table  represents  the  results  of  Faraday^  first  investigations, 
witn  the  pressure  in  atmospheres,  and  the  temperatures  at  which 
the  condensation  takes  place. 


Sulphor  dioxide, 
Hydrogen  solphide, 
Ctf  bon  dioxide,    . 
Chlorine, 

Nitrogen  monoxide. 
Cyanogen, 
Ajnmonia, 
Hydrochloric  acid, 

^Daniel],  Introduction  to  CSiemidal  Philosophy,  p.  154. 


Atmospheres. 

Tempeimtures. 
F.             C. 

2 

46" 

7-2" 

17 

60 

10 

86 

82 

0 

4 

60 

16*6 

.       60 

45 

7*2 

8*6 

46 

7-2 

6-6 

60 

10 

.       40 

60 

10 
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The  method  of  proceeding  was  yery  aimple :  the  materials  were' 
sealed  up  in  a  strong  narrow  tube,  togeiheir  with  a  little  pressni^ 
gauge,  consisting  of  a  slender  tube  closed  at  one  end,  and  having 
witmn  it,-  near  the  open  extremity,  a  globule  of  mercury.  The  gas 
being  disengaged  by  heat,  accumulated  in  the  tube,  and  by  its 
own  pressure  Brought  about  condensation*  The  force  required  for 
this  purpose  was  judged  of  by  the  diminution  of  volume  of  the 
air  in  the  gauge. 

Plg.J7. 


By  the  use  of  narrow  green  glass  tubes  of  great  strength,  power- 
ful condensing  syrinses,  and  an  extremely  h>w  temperature,  pro- 
duced by  means  to  be  presently  described,  olefiant  gas,  hydriodic 
and  hyilrobromic  acids,  phosphoretted  hydrogen,  and  the  gaseous 
fluorides  of  silicon  and  boron,  were  successively  liquefied.  Oxygen, 
hydro^n,  nitrogen,  nitrogen  dioxide,  carbon  monoxide,  and  marsh 
gas,  refused  to  liquefy  even  at  —  166°  F.  while  subjected  to  pressures 
varying  from  27  to  58  atmospheres. 

^ir  Isambaid  Brunei,  and,  more  recently,  M.  Thilorier,  of  Paris, 
succeeded  in  obtaining  liquid  carbon  dioxide  (commonly  called 
carbonic  acid)  in  great  abundance.  Thilorier's  apparatus  ^fig  28) 
consists  of  a  pair  of  extremely  strong  metallic  vessels,  one  oi  which 
is  destined  to  serve  the  purpose  of  a  retort,  and  the  other  that  of 
a  receiver.  They  are  maae  either  of  thick  cast  iron  or  gun  metal, 
or,  still  better,  of  the  best  and  heaviest  boiler-plate,  and  are  fur> 
nished  with  stop-cocks  of  a  peculiar  kind,  the  workmanship  of 
which  must  be  excellent.  The  generating  vessel  or  retort  has  a  pair 
of  trunnions  upon  which  it  swings  in  an  iron  frame.  The  jomts 
are  secured  by  collars  of  lead,  and  every  precaution  is  taken  to  pre- 
vent leakage  under  the  enormous  pressure  the  vessel  has  to  bear. 
The  receiver  resembles  the  retort  in  every  respect ;  it  has  a  similar 
stop-cock,  and  is  connected  with  the  retort  by  a  strong  copper  tube 
and  a  pair  of  union  screw-joints ;  a  tube  passes  from  the  stop-cock 
downwards,  and  terminates  near  the  bottom  of  the  vessel. 

The  operation  is  thus  conducted :  2}  lb.  of  acid  sodium  carbo- 
nate, and  6i  lb.  of  water  at  100°  F.,  are  introduced  into  ihe 
generator ;  on  of  vitriol  to  the  amount  of  1^  lb.  is  poured  into  a 
copper  cylindrical  vessel,  which  is  lowered  down  into  the  mixtur^ 
ana  set  uprisht;  the  stop-cock  is  then  screwed  into  its  place,  ana 
forced  home  by  a  spanner  and  mallet.  The  machine  is  next  tilted 
np  on  its  trunnions,  that  the  acid  may  run  out  of  the  cylinder  and 
mix  with  the  other  contents  of  the  generator;  and  this  mixture  is 
Jkvoiired  by  swinging  the  whole  backwards  and  forwards  for  a  few 


minutes,  itber  which  it  may  be  auffeied  to  remain  a.  little  time 
at  rest 

The  receiver,  Bmroimded  with  ice,  is  nest  connected  with  the 
generator,  and  both  cocks  are  opened ;  the  liquefied  carbon  dioxide 
distils  over  into  the  colder  vessel,  and  theT«  again  in  part  condenses. 
"Hm  cocks  are  now  closed,  the  vessel  is  disconnected,  the  cock  of  the 
geneiator  opened  to  allow  the  contained  gaa  to  escape ;  and,  lastly, 
when  the  lesne  of  cas  hat  quiU  ctaud,  the  stop-cock  itself  is  un- 
screwed, and  the  so^um  sulphate  turned  out  This  operation  must 
be  repeated  five  or  ax  times  before  any  considerable  quanti^  of 
liqiielied  carbon  dioxide  will  have  accumulated  in  the  receiver. 


When  the  receiver  thns  chained  has  its  slop-cock  opened,  a  stream 
of  the  liquid  is  forcibly  driven  up  the  tube  by  the  elasticity  of  the 
gsi  contained  in  the  upper  part  of  the  vessel. 

The  experimenter  incurs  great  personal  danger  in  naing  this 
appantns,  imleM  the  utmost  care  be  tftken  in  ita  management,  k 
dreadful  accident  occnned  in  Paris  tiy  the  bursting  of  one  of  the 
inoTeMelB. 

Liquid  cubon  dioxide  is  also  very  frequently  prepared  by  means 
of  an  apparatus  constructed  by  Natterer,  of  Vienna,  which  enables 
the  axpeiimentalist  to  work  witli  less  risk.  The  gas,  disengaged 
by  meoBS  erf  lulpbnrio  acid  from  acid  potassium   carbonate,  is 
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pumped  by  means  of  a  force-pump  into  a  wrought  iion-yessel, 
exactly  as  the  air  is  pumped  into  the  receiver  of  an  air-sun.  When 
a  certain  pressure  has  been  reached,  the  gsa  is  liquefied,  and  if  the 
pressure  be  continued  considerable  quantities  of  the  liquid  carbon 
dioxide  may  be  thus  obtained.  By  this  apparatus,  nitrous  oxide  has 
been  condensed  to  a  liquid  without  the  use  of  frigorific  mixtuiea. 

Complete  Vaporisation  of  Liquids  under  great  Presmsres, — ^When 
the  temperature  of  a  liquid  is  raised  sufficiently  high,  vaporisatioD 
occurs  under  the  highest  pressure  to  which  the  substance  can  be 
subjected.  Alcohol^  ether,  or  rock-oil,  enclosed  in  a  tube  of  strong 
glass  or  iron,  is  completely  converted  into  vapour,  only  when  the 
space  not  occupied  oj  the  liquid  is  somewhat  greater  than  the 
volume  of  the  liquid  itself.  With  rock-oil  the  empty  space  may 
be  somewhat  smaller  than  with  alcohol,  and  with  ether  still  lesB. 
Alcohol  when  thus  heated  acquires  increased  mobility,  expands 
to  twice  its  original  volume,  and  is  then  suddenly  convertea  into 
vapour.  This  change  takes  place  at  207**  C.  (404*6**  F.V,  wh^ 
the  alcohol  occupies  lust  half  the  volume  of  the  tube;  if  tne  tube 
is  more  than  half  filled  with  alcohol,  it  bursts  when  heat^*  A 
glass  tube  one-third  filled  with  water  becomes  opaque  when  heated, 
and  bursts  after  a  few  seconds.  If  this  chemical  action  of  the 
water  on  the  glass  be  diminished  by  the  addition  of  a  little  car- 
bonate of  soda,  the  transparency  of  the  glass  will  be  much  leas 
impaired;  and  if  the  space  occupied  by  the  water  be  ^  of  the 
whole  tube,  the  liquid  will  be  converted  into  vapour  at  aoout  the 
temperature  of  melting  zinc  These  observations  were  made  by 
Camiiard  de  Latour  in  1822. 

In  like  manner  Dr  Andrews  has  observed  that  when  liquid 
carbon  dioxide  is  gradually  heated  in  a  sealed  tube  to  31°,  the 
surface  of  demarcation  between  the  liquid  and  gas  becomes  fainter, 
loses  its  curvature,  and  at  last  disappears.  The  space  is  then 
occupied  by  a  homogeneous  fluid,  which  exhibits,  when  the  pres- 
sure is  .suddenly  diminished,  or  the  temj)erature  slightly  lowered, 
a  peculiar  appearance  of  moving  or  flickering  striae  throughout  its 
entire  mass.  At  temperatures  above  31^  no  apparent  liquefaction 
of  carbon  dioxide  or  sei)aration  into  two  distinct  forms  of  matter 
can  be  effected,  even  under  a  pressure  of  300  or  400  atmospheres. 
Similar  results  are  obtained  with  nitrous  oxide. 

It  appears  indeed  that  there  exists  for  every  liquid  a  temperature, 
called  by  Andrews  the  "  critical  point,"  above  which  no  amount  of 
pressure  is  sufficient  to  retain  it  in  the  liquid  form ;  it  is  therefore 
not  surprising  that  mere  pressure,  however  intense,  should  fisdl  to 
liquefy  many  bodies  which  usually  exist  in  the  form  of  gas. 

Under  the  enormous  pressures  to  which  gases  can  be  thus  sub- 
jected, without  liquefaction,  they  are  foimd  to  deviate  greatly 
from  the  laws  of  Boyle  and  Gay-Lussac  (pp.  25,  30).  Andrews  has 
recently  found  that  carbon  dioxide,  at  60*7"^  under  a  pressure  of 
288  atmoflpheres,  is  reduced  to  jij  ^  ^^  original  volume,  or  to  leas 
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than  one-half  the  volume  it  should  occupy  if  it  contracted  accord- 
ing to  Boyle's  law.  The  co-efficient  of  expansion  of  the  same  cas 
by  heat  increases  rapidly  with  the  pressui« ;  between  6^  and  64  it 
is  1^  times  as  great  under  22  atmospheres,  and  more  than  2^  times 
as  great  at  40  atmospheres,  as  at  the  pressure  of  1  atmosphere.'"' 

Cold  vroduced  by  Evaporation, — This  e£fect  has  been  already 
adverted  to :  it  arises  from  the  conversion  of  sensible  heat  into 
latent  by  the  rising  vapour,  and  may  be  illustrated  in  a  variety 
of  ways.  Ether  dropped  on  the  hand  produces  the  sensation  of  great 
cold  ;  and  water  contained  in  a  thin  glass  tube,  surrounded  by  a  bit 
of  rag,  is  speedily  frozen  when  the  rag  is  kept  wetted  with  ether. 

Ice-makmg  machines  and  refrigerators  are  constructed  on  this 
principle.  Harrison's  apparatus  for  freezing  water  consists  of  a 
multitubular  boiler  containing  about  10  gallons  of  ether  and 
immersed  in  a  trough  of  salt  water.  The  boiler  is  connected  with 
an  exhausting  pump,  by  the  working  of  which  the  ether  is  rapidly 
volatilised,  thereby  cooling  the  boiler  and  the  salt  water  surrounding 
it  to  about  24*^  R  (-4-46'*  C.)  This  cold  water  is  made  to  flow 
through  a  channel  in  which  are  placed  a  number  of  vessels  contain- 
ing the  water  to  be  frozen,  and  when  its  temperature  has  been  thus 
raised  to  about  28^,  it  is  pumped  back  again  into  the  trough  con- 
taining the  boiler,  and  then  again  cooled  by  the  evaporation  of  the 
ether.  In  this  manner  a  constant  supply  of  cold  salt  water  is  kept  up. 
The  ether  which  is  evaporated  is  condensed  in  a  worm  surrounded 
by  cold  water,  and  returned  with  very  little  loss  to  the  boiler.t 

A  simpler  freezing  apparatus  is 
that  of  Carr^,  in  which  cold  is 
produced  by  the  rapid  evaporation 
of  liquefied  ammonia  gas.  It  con- 
sists essentially  of  a  cylindrical 
boiler  a,  fia,  29,  holding  about  two 
oallons,  mled  to  aM)ut  three- 
fouiths  of  its  capacity  with  a  strone 
aqueous  solution  of  ammonia,  and 
connected  by  pipes  with  a  wrought- 
iron  annular  condenser  or  freezer 
The  boiler  is  first  placed  in  a 
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furnace,  and  the  freezer  in  water 
cooled  to  12°  C.  (63-6**  F.)  The 
boiler  is  heated  to  130°  C,  where- 
upon ammonia  gas  is  given  off, 
and  condenses  in  the  freezer,  to- 
gether with  about  one-tenth  of  its  own  weight  of  water.  This  opera- 
tion being  completed,  the  boiler  is  removed  from  the  fire  and  im- 
meraed  in  cold  water ;  the  freezer,  wrapped  in  very  dry  flannel,  is 

*  Journal  of  the  Chemical  Society,  1876,  vol.  ii.  p.  162. 

t  A  fiirare  of  this  apparatus  is  given  in  the  Pharmaceutical  Journal,  vol. 
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placed  outside,  and  the  vessel  containing  the  water  to  be  frozen  is 
placed  in  the  cylindrical  space  h.  As  the  boiler  cools,  the  ammonia 
gas  with  which  it  is  filled  is  redissolved,  and  the  pressure  being 
thus  diminished,  the  ammonia  which  has  been  liquefied  in  c  is  again 
volatilised,  and  passes  over  towards  a,  to  redissolve  in  the  water 
which  has  remained  in  the  boiler.  This  rapid  evaporation  of  the 
ammonia  causes  a  great  absorption  of  heat,  whereby  the  vessel  e  u 
reduced  to  a  very  low  temperature,  and  the  water  contained  in  it  is 
frozen.  To  obtain  better  contact  between  the  sides  of  the  vessel  h 
and  the  freezer,  alcohol  is  poured  between  them.  This  apparatus 
gives  about  4  lb  of  ice  in  an  hour  at  a  price  of  about  a  farthing  a 
pound  ;  but  large  continuously  working  api)aratus  have  been  con- 
structed which  produce  as  much  as  800  ro  of  ice  in  an  hour.* 

Water  may  also  be  frozen  by  the  cold  resulting  from  its  own 
evaporation.  When  a  little  water  is  put  into  a  watch-glass,  sup- 
ported by  a  triangle  of  wire  over  a  shallow  glass  dish  of  sulDhunc 
acid  placed  on  the  plate  of  a  good  air-pump,  the  whole  coverea  with 
a  low  receiver,  and  the  air  withdrawn  as  perfectly  as  possible, 
the  water  is  in  a  few  minutes  converted  into  a  solid  mass  of  ice. 

The  absence  of  the  air,  and  the  rapid 
Fig^.  absorption  of  watery  vapour  by  the  oil 

of  vitriol,  induce  such  quick  evapora- 
tion that  the  wat^r  has  its  temi)erature 
almost  immediately  reduced  to  the 
freezing  point. 

The  same  apparatus  is  constantly 
used  in  the  laboratory  for  drying  sub- 
stances which  cannot  bear  heating  without  decomposition.  Fre- 
(juently  also  the  air-pump  is  dispensed  with,  and  the  substance 
to  be  "dried  is  simply  placed  over  a  vessel  contiiiuing  strong 
sulphuric  acid,  quicldime,  or  some  other  substance  which  absorbs 
moisture  very  rapidly,  and  covered  over  with  a  bell  jar.  Such  an 
apparatus,  with  or  without  the  air-pump,  is  called  an  Exsiccator. 

All  means  of  producing  artificial  cold  yield,  however,  in  intensity 
to  that  derived  from  the  evaporation  of  the  liquefied  carbon  dioxide 
just  mentioned.  When  a  jet  of  that  liquid  is  allowed  to  issue  into 
the  air  from  a  narrow  aperture,  so  intense  a  degree  of  cold  is  pro- 
duced by  the  vaporisation  of  a  part,  that  the  remainder  freezes  to 
a  solid,  and  falls  in  a  shower  of  snow.  By  suffering  this  jet  of 
liquid  to  flow  into  the  metal  box  shown  in  tig.  28,  a  large  quantity 
of  the  solid  oxide  may  be  obtained ;  it  closely  resembles  snow  in 
appearance,  and  when  held  in  the  hand  occasions  a  painful  sensa- 
tion of  cold,  while  it  gradually  disappears.  When  it  is  mixed  with 
a  little  ether,  and  poured  upon  a  mass  of  mercury,  the  latter  is 
almost  instantly  frozen,  and  in  this  way  pounds  of  the  solidified 
metal  may  be  obtained.  The  addition  of  the  ether  facilitates  the 
contact  of  the  carbon  dioxide  with  the  mercury. 

*  See  BichardMn  and  Watts's  Chemical  Technology,  part  v.  p.  29^ 
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The  temperature  of  a  mixture  of  solid  carbon  dioxide  and  ether 
in  the  air,  measured  by  a  spirit- thermometer,  was  found  to  be 
— 106**  R;  when  the  same  mixture  was  placed  beneath  the  receiver 
of  an  air-pump,  and  exhaustion  rapidly  made,  the  temperature 
sank  to— 166**  F.  This  was  the  method  of  obtaining  extreme 
cold  employed  by  Faraday  in  his  last  experiments  on  the  lique- 
faction of  gases.  Under  such  circumstances,  the  liquefied  ny- 
driodic  and  hydrobromic  acids,  sulphur  dioxide,  carbon  dioxiae, 
nitrogen  monoxide,  hydrogen  sulphide,  cyanogen,  and  ammonia, 
froze  to  colourless  transparent  solids^  ana  alcohol  became  thick 
and  oily. 

Determination  of  the  Specific  Gravity  of  Oqmb  and  Vapours, 

To  determine  the  specific  gravity  of  a  gas,  a  large  glass  globe  is 
filled  with  the  gas  to  be  examined,  in  a  perfectly  pure  and  dry 
state,  having  a  Known  temperature,  and  an  elastic  force  equal  to 
that  of  the  atmosphere  at  tne  time  of  the  experiment.  The  globe 
so  filled  is  weighed.  It  is  then  exhausted  at  the  air-pump  as  far 
as  possible,  and  again  weighed.  Lastly,  it  is  filled  with  dry  air, 
the  temperature  and  pressure  of  which  are  known,  and  its  weight 
once  more  determineo.  On  the  supposition  that  the  temperature 
and  elasticity  are  the  same  in  both  cases,  the  specific  gravity  is 
at  once  obtuned  by  dividing  the  weight  of  the  gas  by  that  of  the 
air. 

The  globe  or  flask  must  be  made  very  thin,  and  fitted  with  a 
brasa  cap,  surmounted  by  a  small  but  excellent  stop-cock.  A  deli- 
cate thermometer  should  be  placed  in  the  inside  of  the  globe, 
secured  to  the  cap.  The  gas  must  be  generated  at  the  moment, 
and  conducted  at  once  into  the  previously  exhausted  vessel,  through 
a  long  tube  filled  with  fragments  of  pumice  moistened  with  oil  of 
vitriol,  or  some  other  extremely  hygroscopic  substance,  by  which 
it  is  freed  from  all  moisture.  As  the  gas  is  necessarily  generated 
mider  some  pressure,  the  elasticity  of  that  contained  in  the  filled 
globe  will  sughtly  exceed  the  pressure  of  the  atmosphere ;  and 
this  is  an  advantage,  since,  by  opening  the  stop-cock  for  a  single 
instant,  when  the  globe  has  attained  an  equiliorium  of  tempera- 
ture, the  tension  becomes  exactly  that  of  the  air,  so  that  all  oaro- 
metrical  correction  is  avoided,  unless  the  pressure  of  the  atmosphere 
should  sensibly  vary  during  the  time  occupied  by  the  experiment 
It  is  hardly  necessary  to  observe  that  the  greatest  care  must  also 
be  taken  to  purify  and  dry  the  air  used  as  the  standard  of  com- 
parison, and  to  bring  both  gas  and  air  as  nearly  as  possible  to  the 
same  t^perature,  so  as  to  obviate  the  necessity  of  a  correction,  or  at 
least  to  reduce  almost  to  nothing  the  errors  involved  by  such  a 
process. 

Vapoubs. — 1  .*  Duma^  Method,  This  method  consists  in  determin- 
ing the  weight  of  a  given  volume  of  the  vapour  at  a  known  pressure 
and  temperature.    A  large  glass  globe  about  three  inches  in  uiameter 
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is  taken,  and  its  neck  sofbened  and  drawn  ont  in  the  Uoivpipe 
flame,  as  represented  in  flg.  31 ;  this  is  accurately  weighed.  AdcuI 
Fig.  81.  1^  ^^  erains  of  the  volatile  liquid  are  then  intro- 
duced, by  gently  wanning  the  globe  and  dippins 
the  point  into  tne  liquid,  which  is  then  loicea 
upwards  by  the  pressure  of  the  air  as  the  veaBel 
cools.  The  globe  is  next  firmly  attached  by  wire 
to  a  handle,  in  such  a  manner  that  it  may  he 
plunged  into  a  bath  of  boiling  water  or  heated 
oil,  and  steadily  held  with  the  point  projecting 
upwards.  The  bath  must  have  a  temperature  con- 
siderably above  that  of  the  boiling  point  of  the 
liquid.  The  latter  becomes  rapidly  converted  into 
vapour,  which  escapes  by  the  narrow  orifice,  chasing 
before  it  the  air  of  the  globe.  When  the  issue 
of  vapour  has  wholly  ceased,  and  the  temperature 
of  the  bath  appears  nearly  unifonn,  the  open 
extremity  of  the  point  is  hermetically  acseued 
by  a  small  blowpipe  flame.  The  globe  is  removed  from  the  bo^ 
suffered  to  cool,  cleansed  if  necessary,  and  weighed,  after  which 
the  neck  is  broken  ofi^  beneath  the  surface  of  water  which  has 
Ixjen  boiled  and  cooled  out  of  contact  of  air,  or  (better)  under 
mercury.  The  liquid  enters  the  globe,  and,  if  the  expulsion  of 
the  air  by  the  vapour  has  been  complete,  fills  it ;  if  otherwise,  an 
air-bubble  is  left,  whose  volume  can  be  easily  ascertained  by 
pouring  the  liquid  from  the  globe  into  a  graduated  jar,  and  then 
refilling  the  globe,  and  repeating  the  same  observation.  The 
capacity  of  the  vessel  is  thus  at  the  same  time  known ;  and  these 
are  all  the  data  required.*  An  example  will  render  the  whole 
intelligible. 

Determination  of  the  Vapour-density  of  Acetone, 


Capacity  of  globe, 

Weight  of  globe  filled  with  dry  air  at 
52°  F.  and  30*24  iuches  barometer, 

Weight  of  globe  filled  with  vapour  at 
212®  F.  temp,  of  the  bath  at  the  mo- 
ment of  sealing  the  point,  and  30*24 
inches  barometer, 

Residual  air,  at  45®  F.  and  30*24  inches 
barometer. 


31*61  cubic  inches. 
2070*88  grains. 


2076*81  grains. 

0*60  cubic  inches. 


31*61  cubic  inches  of  air  at  52®  and   30*24  in.  bar.=  32*36  cub. 
inches  at  60®  F.  and  30  inch  bar.,  weighing         .     10*035  grains. 

•  Messrs  Playfair  and  Wanklyn  have  described  an  important  modification 
of  this  process,  wheroljy  the  densities  of  a  vapour  at  temperatures  l»elow 
the  boinng  point  of  the  liquid  may  bo  determined.  This  object  is  attained 
by  mixing  the  vapour  of  the  body  with  a  measured  volume  of  a  permanent 
gas— hydrogen,  for  instance.— y^oum.  of  the  Chein.  Sac,  vol.  xv.  p.  143. 
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Hence,    weight   of    empty   globe,    2070*88  -  10035  =  2060-846 
grains.  

0*6  cubic  inch  of  air  at  45®=  0*8  cub.  inch  at  212**;  weight  of  do. 
by  calculation  =  0*191  grain. 

31*61  -  0*8  «  30*81  cubic  inches  of  vapour  at  212°  and  30*24  in. 
bar.,  which,  on  the  supposition  that  it  wovJLd  hear  cooling  to  6(f 
without  liqtiefactiony  would,  at  that  temperature,  and  under  a  pres- 
sure of  30  inch,  bar.,  become  reduced  to  24*18  cubic  inches. 

Hence, 
Weight  of  globe  and  vapour,         .        .        .        2076*810  grains. 
„  residual  air,         ....  0*191 

2076-619      „ 
Weight  of  globe, 2060*845      „ 

Weight  of  the  24*18  cubic  inches  of  vapour,  15*774      „ 

Consequently,  100  cubic  inches  of  such  vapour 

must  weigh 65*23      „ 

100  cubic  inches  of  air,  under  similar  circum- 
stances, weigh 31*01      „ 

— - — -=  2*103,  the  specific  gravity  of  the  vapour  in  question,  that 

of  being  unity. 

Or,  the  weight  of  100  cubic  inches  of  hydrogen  beiog  2*147  grains, 

IUi*23 

^_ —  =*  30*38  is  the  specific  gravity  of  acetone  vapour  referred  to 

hydrogen  as  unity. 
The  vapour-density  (D)  may  also  be  readily  calculated  by  means 
of  the  formula : 

J.  P  -h  Yn, 

^     "     (V  -  t;)  n\  ' 

P  =  difference  of  weight  (in  grams)  between  the  globe  filled  with 
air  and  when  filled  with  vapour. 

V  =»  capacity  of  globe  in  cubic  centimeters. 

n,  Si  weight  of  one  cubic  centimeter  of  air  at  the  temperature  at 
which  the  ^obe  filled  with  air  was  weighed. 

n\  ss  weight  of  one  cubic  centimeter  of  air  at  the  temperature  of 
sealing  the  globe. 

The  values  of  n,  and  n^,  (in  grams)  for  each  degree  centigrade  from 
0  to  300'  are  given  in  the  Appendix,  Table  VII. 

In  very  exact  experiments  account  must  be  taken  of  the  change  of 
capacity  of  the  glass  ^lobe  by  the  high  temperature  of  the  bath. 
Wnen  this  correction  is  neglected,  the  density  of  the  vapour  will 
come  out  a  little  too  high.  The  error  of  the  mercurial  thermometer 
at  high  temperatures  is,  however,  in  the  opposite  direction. 

The  preceding  method  is  applicable  to  the  determination  of  the 
vapoui'<len8itie8  of  all  substances  whose  boiling  points  are  within 
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the  range  of  the  mercurial  thermometer,  that  is  to  say,  not  exceed- 
ing 300^0.,  and  therefore  to  nearly  all  volatile  oi^anic  compoundB ; 
indeed^  there  are  hut  few  such  compounds  which  can  hear  higher 
temperatures  without  decomposition.  But  for  mineral  suhstances, 
such  as  sulphur,  iodine,  volatile  metallic  chlorides,  &c.,  it  is  often 
necessary  to  employ  much  higher  temperatures ;  and  for  such  cases 
a  modiiication  of  the  process  has  heen  devised  hy  Deville  and 
Troost.  It  consists  in  using  a  glohe  of  porcelain  instead  of  glara, 
heating  it  in  the  vapour  of  a  suhstance  whose  boiling  point  is 
known  and  constant,  and  sealing  the  globe  by  the  flame  of  the 
oxy-hydrogen  blowpipe.  The  vapours  employed  for  this  purpose 
are  those  of  mercury,  which  boils  at  350°  C. ;  of  sulphur,  wnich 
boils  at  440°;  of  cadmium,  boiling  at  860°;  and  of  zinc,  boiling 
at  1040°.  The  use  of  these  liquids  of  constant  boiling  point 
obviates  the  necessity  of  determimng  the  temperature  in  eaca  ex- 
periment, which  at  such  degrees  of  heat  would  be  very  difficult. 

2.  Gay-Lussac^s  Method. — ^This  method  consists  in  ascertaining 
the  volume  occupied  by  a  given  weight  of  a  substance  when  con- 
verted into  vapour  at  a  ^own  temperature  and  pressure.  For 
this  purpose  a  small  bulb  of  verjr  thin  glass  with  a  capillaiy  neck 
is  weighed,  filled  with  the  liqmd,  sealed  and  again  weighed,  the 
difiPerence  of  the  two  weighings  of  course  giving  the  weight  of  the 
liquid.  It  is  then  introduced  mto  a  graduated  glass  jar  filled  with 
mercury,  inverted  in  a  basin  of  mercury,  and  immersed  in  a  bath 
of  water  or  oil,  and  heat  is  applied  to  the  bath  till  the  bulb  bursts, 
and  the  liquid  is  converted  into  vapour,  which  depresses  the  mer- 
cury in  the  gas-jar  to  a  certain  level.  This  is  read  ofi",  together 
witn  the  temperature  of  the  bath  and  the  height  of  the  barometer, 
and  from  these  readings  the  volume  of  the  vapour  at  a  certain 
pressure  and  temperature.  A  convenient  apparatus  for  the  pur- 
pose is  represented  in  figure  32.  It  consists  of  a  cylinder  of  rather 
thin  glass,  abed  in  shape  like  a  very  large  test-tube,  about  16 
or  18  mches  long,  and  5  or  6  in  diameter.  At  the  lower  and  closed 
end  it  is  rounded,  and  care  must  be  taken  that  it  is  thin  enough 
to  stand  the  application  of  heat,  and  yet  strong  enough  to  bear  the 
weight  of  the  mercury  and  the  rest  of  the  apparatus  which  will 
have  to  be  inserted.  A  small  and  rather  light  gas-jar  e,  divided 
into  inches  or  half  cubic  centimeters,  is  supported  at  its  lower  end 
by  an  iron  cup/,  attached  to  a  rod  ^r  ^r  of  the  same  metal.  In  the 
engraving  it  is  represented  in  the  act  of  being  lowered  into  its 
place.  The  upper  end  of  the  jar  is  kept  ste«3y  by  the  ring  h^ 
which  slides  on  the  rod  g  g.  The  cylinder  is  retained  in  its  verti- 
cal position  by  the  ring  i  sliding  on  the  massive  retort-stand  k  k. 
The  rod  g  g  and  the  thermometer  I  are  supported  by  the  arm 
m,  also  attached  to  the  retort-stand.  The  cylinder  being  charged 
up  to  the  line  n  n  with  mercury,  the  gas-jar  J,  filled  with  mercury, 
and  having  the  glass  bulb  containing  the  liquid  to  be  examined  in- 
8$tted|  is  placed  in  the  position  seen  in  the  figure.    The  cylinder 
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is  then  to  be  filled  witb  water,  oi  neat'e-foot  oil,  until  tbe  gas-jar 
ia  covered  for  at  least  aii  inch.  The  cylinder  may  be  supported 
on  wire-gauze  oyer  the  tripod  a,  or  jn  aay  other  convenient  man- 
ner.   Heat  may  be  appliea  b^  means  of  a  Bunsen's  burner. 

Great  care  must  be  taken,  in  passing  the  bulb  up  into  the  sas-jar, 
to  prevent  bactnie.  The  most  convenient  way  of  accomplislung 
this,  is  to  place  the  lower  end  of  the  Jar  in  a  mercurial  trough. 


and  to  incline  it  to  an  angle  of  about  46°.  The  bulb  is  then  to  be  held 
between  the  thumb'  and  first  two  fingers,  the  tail  towards  the  palm  of 
the  hand ;  it  is  then  to  be  presented  to  the  opening  of  the  gaa-jar, 
and  when  inserted  is  to  be  let  go ;  it  will  then  ascend  to  the  top. 

To  determine  the  elastic  force  of  the  vapour,  tbe  height  of  the 
colnnm  of  water  or  oil  must  be  noted  and  reduced  by  calcnlation 
to  the  corresponding  value  in  millimeters  of  metcniy.  The  elas- 
tic force  P  of  the  vapour  is  then  found  by  adding  this  number  to 
tbe  height  of  the  barometer,  and  deducting  tbe  height  of  the  mer- 
cury in  the  gas-jar  above  that  in  the  outer  cjlinder. 

By  tfait  mode  of  proceeding  we  ascertain  the  volume  which  a 
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known  weight  W  of  substance  occupies  at  a  given  temperatuie 
and  pressure,  and  it  only  remains  to  determine  the  weight  W  of 
the  same  volume  V  of  air  at  the  same  temperature  T  and  pressure 
P.    This  is  given  in  grams  by  the  formula-- 


W  =  0-0012932  V 


The  values  of  the  expression 


1  +  0O0367  T 

i 


P^ 

760 


1  +  0-00367  T 


have  been  calculated 


bv  C.  Greville  Williams  for  all  temperatures  from  1*  to  160"  C.  (See 
Table  VIII.  in  the  Appendix  ;  ana  dividing  the  weight  W  of  the 
vapour  by  these  values,  we  obtain,  for  the  density,  the  expression — 

D  =   —'  =  W   1  +  0-00367  T      760 
W  ""  0-0012932  V    '    P     ' 

If  the  gas-jar  is  graduated  in  cubic  inches  and  the  weights  are 
given  in  grains,  the  expression  becomes — 


D  =  W 


1  + 


000367  T      760 
0-31 V  •     P 


Fig.  82  a. 


Of  the    two   methods  of   determining  vapour-densities    above 

described,  that  of  Dumas  has  the  advantage 
in  simplicity  of  apparatus  and  facility  of 
execution,  especially  for  high  temperatures  ; 
indeed,  for  temperatures  above  150®  it  is  the 
only  one  that  can  be  employed;  but  it  re- 
quires more  substance,  and  does  not  permit  of 
tne  density  being  determined  at  more  than 
one  temperature  without  making  a  separate 
experiment  in  each  case.  The  process  of 
Gkiy-Lussac,  on  the  other  hand^  permits 
numerous  experiments  with  one  small  speci- 
men of  substance  at  any  desired  temperature 
within  certain  ranges,  and  thus  enables  the 
operator,  in  a  very  short  time,  to  accumulate 
information  regarding  certain  physical  pro- 

Serties  of  substances  which  it  is  often  very 
esirable  to  know — such,  for  example,  as  the 
lowest  temperature  at  which  the  substance 
under  study  begins  to  obey  the  laws  of  per- 
manent gases. 

3.  HofmanrCs  Method, — This  is  a  modifica- 
tion of  Gay-Lus8ac*8  method,  devised  by  Dr 
A.  W.  Hofmann  {Devi.  Chem,  Ges.  Bet. 
1868,  p.  198)  for  determining  the  vapour- 
densities  of  high-boiling  liquids  under  re- 
duced pressure,  and  therefore  at  comparatively  low  temperatures. 


HEAT.  59 

A  graduated  glass  tube  about  a  meter  long  and  15  to  20  nun. 
wide,  is  filled  with  mercury  and  inverted  in  the  little  cup  A, 
whereby  a  barometric  vacuum  20  to  30  mm.  high  is  formed  at 
the  top.  The  long  tube  is  enclosed  in  another  tube  30  to  40 
nun.  wide  and  80  to  90  mm.  long,  drawn  out  at  the  top  to  a 
conducting  tube  of  moderate  width,  which  is  bent  at  ri^ht 
angles,  and  connected  with  a  glass  or  copper  vessel  in  which 
water,  aniline,  or  other  liquid  call  be  boued.  The  lower  part 
of  the  lonjs;  tube  is  widened  and  rests  upon  a  large  cork, 
through  which  passes  an  escape-tube  T.  By  this  arrangement, 
a  str^un  of  vapour  of  water,  aniline,  or  other  volatile  liquid 
can  be  made  to  pass  through  the  space  between  the  two  tubes,  so 
as  to  keep  the  upper  ])art  of  the  bc^meter-tube  at  the  temperature 
required  for  the  determination.  The  substance  whose  vapour>density 
is  to  be  determined,  is  introduced  into  the  barometric  vacuum 
in  small  glass  tubes  fitted  with  ground  stoppers,  which  are  forced 
out  by  the  tension  of  the  vapour.  The  great  advantage  of  this 
method  is  that,  under  the  very  small  pressure  to  which  the  enclosed 
vapour  is  subjected — which  may  be  reduced  to  20  or  even  10 
millimeters  of  mercury — the  determinations  may  be  made  at  com- 
paratively low  temperatures.  Thus,  in  the  case  of  liquids  boiling 
under  the  ordinary  pressure  at  120°  or  even  160°,  the  vapour-deusity 
may  be  accurately  aetermined  at  the  temperature  of  boiling  water.  ' 

Souroes  of  Heat 

The  first  and  greatest  source  of  heat,  compared  with  which  all 
others  are  totally  insignificant,  is  the  sun.  Tne  luminous  rays  are 
accompanied  by  heat-rays,  which,  striking  against  the  surface  of 
the  earth,  raise  its  temperature  ;  this  heat  is  communicated  to 
the  air  by  convection,  as  already  described,  air  and  gases  in  general 
not  being  sensibly  heated  hj  the  passage  of  the  ra^s. 

A  second  source  of  heat  is  supposed  to  exist  m  the  interior  of 
the  earth.  It  has  been  observ^  that,  in  sinking  mine-shafts, 
boring  for  water,  &c.,  the  temperature  rises,  in  descending,  at  the 
rate,  it  is  said,  of  about  V  F.  (|°  C.)  for  every  46  feet,  or  117°  F. 

S6°  C.)  per  mile.  On  the  supposition  that  the  rise  continues  at 
e  same  rate,  the  earth,  at  the  depth  of  less  than  two  miles,  would 
have  the  temperature  of  boiling  water ;  at  nine  miles,  it  would  be 
red-hot ;  and  at  thirtv  or  forty  miles  depth,  all  known  substances 
would  be  in  a  state  of  fusion.* 

According  to  this  idea,  the  earth  must  be  looked  upon  as  an 
intensely  heated  fluid  spheroid,  covered  with  a  crust  of  solid 
badly  conducting  matter,  cooled  by  radiation  into  space,  and  bear- 
ing somewhat  the  same  proportion  in  thickness  to  the  ignited 

*  The  Artesian  well  at  Grenelle,  near  Paris,  has  a  depth  of  1774 '5  Eng- 
lish feet ;  it  is  bored  through  the  chalk  basin  to  the  Band  beneath.  The 
temperatare  of  the  water,  which  is  exceedingly  abundant,  is  82^  F.;  the 
mean  temperature  of  Paris  is  5V  F.;  the  difference  is  Sr  F.,  which  gives 
a  rate  of  aoout  V  for  58  feet 
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liquid  within,  that  the  shell  of  an  ^  bean  to  its  fluid  eontebta. 
mthout  venturing  to  offer  any  opinion  on  thia  theoiy,  it  may  be 
sufficient  to  observe  that  it  is  not  podtiyelj  at  vaziance  with  any 
known  fact ;  that  the  figure  of  the  earth  is  leallj  such  as  would 
be  assumed  by  a  fluid  mass ;  and,  lastly,  that  it  offers  the  best 
explanation  we  have  of  the  phenomena  of  hot  springs  and  volcanic 
eruptions,  and  agrees  with  tine  chemical  nature  of  their  products. 

Among  the  other  sources  of  heat  are  chemical  combination  and 
mechanical  work. 

The  disengagement  of  heat  in  the  act  of  combination  is  a 
phenomena  of  the  utmost  generality.  The  quantitjr  of  heat  given 
out  in  each  particular  cane  is  fixed  and  definite;  its  int^iti^  is 
dependent  upon  the  time  over  which  the  action  is  extended.  Bian^ 
admirable  researches  on  this  subject  have  been  published;  but  their 
results  will  be  more  advantageously  considered  at  a  later  part  of  this 
work,  in  connection  with  the  laws  of  chemical  combination. 

Heat  produced  by  Mechanical  Work, — Heat  and  motion  are  con* 
vertible  one  into  the  other.  The  powerful  mechanical  effects  pro- 
duced by  the  elasticity  of  the  vapour  evolved  Arom  heated  liquids 
afford  abundant  illustration  of  the  conversion  of  heat  into  motion ; 
and  the  production  of  heat  by  friction,  by  the  hammering  of 
metals,  and  in  the  condensation  of  gases  (p.  34),  shows  with  equal 
clearness  that  motion  may  be  converted  into  heat. 

In  some  cases  the  rise  of  temperature  thus  produced  appears  to 
be  due  to  a  diminution  of  heat-capacity  in  the  oody  operated  upon, 
as  in  the  case  of  a  compressed  gas  just  alluded  to.  Malleable 
metals,  also,  as  iron  and  copper,  which  become  heated  by  hammer* 
ing  or  powerful  pressure,  are  found  thereby  to  have  their  density 
sensibly  increased,  and  their  capacity  for  heat  diminished.  A  soft 
iron  nail  may  be  made  red  hot  by  a  few  dexterous  blows  on  an 
anvil;  but  the  exjieriment  cannot  be  repeated  until  the  metal  has 
been  annealed,  and  in  that  manner  restored  to  its  former  physical  state. 

But  tlie  amount  of  heat  which  can  be  developed  by  mechanical 
force  is,  in  most  cases,  out  of  all  proportion  to  what  can  be 
accounted  for  in  this  way.  Sir  H.  Davy  melted  two  pieces  of  ice 
by  rubbing  them  together  in  a  vacuum  at  the  temperature  of  0°; 
and  Count  Runiford  found  that  the  heat  developed  by  the  boring 
of  a  brass  caimon  was  sufficient  to  bring  to  the  boiling  point  two 
and  a  half  gallons  of  water,  while  the  dust  or  shavings  of  metal 
cut  by  the  borer  weighed  only  a  few  ounces.  In  these  and  all 
similar  cases  the  heat  appears  as  a  direct  result  of  the  force 
expended ;  the  motion  is  converted  into  heat 

The  connection  between  heat  and  mechanical  force  appears  still 
more  intimate  when  it  is  shown  that  they  are  related  by  an  exact 
numerical  law,  a  given  quantity  of  the  one  being  always  con- 
vertible into  a  definite  amomit  of  the  other.  The  first  approxi- 
mate determination  of  this  most  important  numerical  relation  was 
made  by  Count  Rumford  in  the  manner  just  alluded  to.    A  brass 
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cylinder  enclosed  in  a  box  containing  a  known  weight  of  water  at 
60°  F.  was  bored  by  a  steel  borer  made  to  revolve  by  horse  power, 
and  the  time  was  noted  which  elapsed  before  the  water  was  raised 
to  the  boiling  point  by  the  heat  resulting  from  the  friction.  In 
this  manner  it  was  found  that  the  heat  required  to  raise  the  tem- 
perature of  a  pound  of  water  by  1°  F.  is  equivalent  to  1034  times  the 
lorce  expended  in  raising  a  pound  weight  one  foot  high,  or  to  1034 
^  foot-pounds,"  as  it  is  technically  expressed.  This  estimate  is  now 
known  to  be  too  high,  no  account  having  been  taken  of  the  heat 
communicated  to  the  containing  vessel,  or  of  that  which  was  lost 
by  dispersion  during  the  experiment. 

For  the  most  exact  determinations  of  the  mechanical  equivalent 
of  heat  we  are  indebted  to  the  careful  and  elaborate  researches  of 
Dr  J.  P.  Joule.  From  experiments  made  in  the  years  1840-43  on 
the  relations  between  the  neat  and  mechanical  power  generated  by 
the  electric  current,  Dr  Joule  was  led  to  conclude  that  the  heat  re- 
quired to  raise  the  temperature  of  a  pound  of  water  1°  F.  is  equiva- 
lent to  838  foot-pounds.  This  he  afterwards  reduced  to  772 ;  and  a 
nearly  equal  result  was  afterwards  obtained  by  experiments  on 
the  condensation  and  rarefaction  of  gases;  but  this  estimate  has 
since  been  found  to  be  likewise  too  great. 

The  most  trustworthy  results  are  obtained  by  measuring  the 

Suantity  of  heat  generated  by  the  friction  between  solids  and 
quids.  It  was  for  a  long  time  believed  that  no  heat  was  evolved 
by  the  friction  of  liquids  and  gases ;  but  in  1842  Meyer  showed 
that  the  temperature  of  water  may  be  raised  22°  or  23°  F.  by 
agitating  it.  The  warmth  of  the  sea  after  a  few  days  of  stormy 
weather  is  also  probably  an  effect  of  fluid  friction. 

The  apparatus  employed  by  Dr  Joule  for  the  determination  of 
this  important  constant,  by  means  of  the  friction  of  water,  consisted 
of  a  brass  paddle-wheel  furnished 
with  eight  sets  of  revolving  vanes, 
working  between  four  sets  of 
stationary  vanes.  This  revolv- 
ing apparatus,  of  which  fig.  33 
shows  a  horizontal,  and  fig.  34  a 
vertical  section,  was  firmly  fitted 
into  a  copper  vessel  (see  fi^.  35) 
containing  water,  in  the  bd  of 
which  were  two  necks,  one  for 
the  axis  to  revolve  in  without 
touching,  the  other  for  the  inser* 
tion  of  a  thermometer.  A  simi- 
lar apparatus,  but  made  of  iron, 
and  of  smaller  size,  having  six 
rotatory  and  ei^ht  sets  of  stationary  vanes,  was  used  for  the  experi- 
ments on  the  friction  of  mercurv.  The  apparatus  for  the  friction  of 
cast-iron  consisted  of  a  vertical  axis  carrying  a  bevelled  cast-iron 
wheel,  against  which  a  bevelled  wheel  was  pressed  by  a  lever.    The 
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wheels  were  enclosed  in  a  cast-iion  vessel  filled  with  mercniy,  the 
axis  passing  through  the  lid«  In  each  apparatus  motion  was  given 
to  the  axis  oy  the  descent  of  leaden  weights  W  (iig.  35)  suspended 
by  strings  horn  the  axis  of  two  wooden  pulleys^  one  of  which  is 
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shown  at  /?,  their  axes  being  supported  on  friction  wheels  d  d,  and 
the  pulleys  being  connectea  bv  nne  twine  with  a  wooden  roller  r, 
which,  by  means  of  a  pin,  could  be  easily  attached  to  or  removed 
from  the  friction  apparatus. 

The  mode  of  experimenting  was  as  follows: — The  temperature 
of  the  frictional  apparatus  having  been  ascertained,  and  the  wei|jhts 
wound  up,  the  roller  was  fixed  to  the  axis,  and  the  precise  height 
of  the  weights  ascertained ;  the  roller  was  then  set  at  liberty,  and 
allowed  to  revolve  till  the  weights  touched  the  floor.  The  roller 
was  then  detached,  the  weights  wound  up  again,  and  the  friction 
renewed.  This  having  been  repeated  twenty  times,  the  experi- 
ment was  concluded  with  another  observation  of  the  temperature 
of  the  apparatus.  The  mean  temperature  of  the  apartment  was 
ascertained  by  observations  made  at  the  beginning,  middle,  and 
end  of  each  experiment.  Corrections  were  made  for  the  efl'ects  of 
radiation  and  conduction ;  and,  in  the  experiments  with  water,  for 
the  quantities  of  heat  absorbed  by  the  copper  vessel  and  the 
paddle-wheeL  In  the  experiments  with  mercury  and  cast-iron, 
the  heat-capacity  of  the  entire  apparatus  was  asceiliained  by 
observing  the  heating  effect  which  it  produced  on  a  known  quantity 
of  water  in  which  it  was  immersed.  In  all  the  experiments, 
corrections  were  also  made  for  the  velocity  with  which  the  weights 
came  to  the  ground,  and  for  the  friction  and  rigidity  of  the  strings. 
The  thermometers  used  were  capable  of  indicating  a  variation  of 
temperature  as  small  as  ^jr  of  a  degree  Fahrenheit. 

Tiie  following  table  contains  a  summary  of  the  results  obtained 

Sthis  method.    The  second  column  gives  the  results  as  they  were 
tained  in  air ;  in  the  third  column  the  same  results  corrected  for 
•  TtcQQm : — 
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Material  Equlralent  Equivalent  » 

employed.  In  air.  In  Tacuum. 

Water,        .        .        .        778*640  772-692  772692 

Mercury,    . 


Cast-iron,   . 


Equlralent 

Equivalent 

In  air. 

In  Tacuum. 

778-640 

772-692 

J  778-762 

772-814 

776-308 

776 -362 

776-997 

776-045 

774-880 

774-930 

774-088 
774-987 


In  the  experiments  with  cast-iron,  the  friction  of  the  wheels  pro- 
duced a  considerable  vibration  of  the  framework  of  the  apparatus, 
and  a  loud  sound ;  it  was  therefore  necessary  to  make  allowance 
for  the  quantity  of  force  expended  in  producing  these  effects.  The 
number  772*692,  obtained  oy  the  friction  of  water,  is  regarded  as 
the  most  trustworthy;  but  even  this  may  be  a  little  too  high; 
because  even  in  the  friction  of  fluids  it  is  impossible  entirelv  to 
avoid  vibration  and  sound.  The  conclusions  deduced  from  tnese 
experiments  are — 

1.  That  the  mmntity  of  heat  produced  by  the  friction  of  hodieSy 
fchether  solid  or  liquid,  is  alvxiys  proportional  to  the  force  expended, 

2.  That  the  quantity  of  heat  capable  of  increasing  the  temperature 
of  1  lb,  of  ttjoter  (vjeighed  in  vacuo,  and  between  55®  and  60°)  by  V  F,, 
requires  for  Us  evolv;tion  the  expenditure  of  a  mechanical  force  repre- 
sented by  the  fall  of  772  lbs,  through  the  space  of  1  foot. 

Or,  Sie  heat  capable  of  increasing  the  temperature  of  1  gram  of 
water  by  1°  C,  is  equivalent  to  a  force  represented  by  the  fall  o/ 423-65 
grams  through  the  space  of  1  m>eter,  Thds  is  consequently  the  effect 
of  "  a  unit  of  heaiP 

Experiments  made  by  other  philosophers  on  the  work  done  by 
a  steam-engine,  on  the  neat  evolved  by  an  electro-magnetic  engine 
at  rest  and  in  motion,  and  on  the  heat  evolved  in  the  circuit  of  a 
voltaic  battery  and  in  a  metallic  wire  through  which  an  electric 
current  is  passing,  have  given  values  for  the  mechanical  equivalent 
of  heat  very  nearly  equal  to  the  above. 

Dynamical  Theory  of  Heat 

For  a  very  long  time  two  rival  theories  have  been  held  regard- 
ing the  nature  of  heat :  on  the  one  hand,  heat  has  been  viewed  as 
having  a  material  existence,  though  differing  frx)m  ordinary  matter 
in  bemg  without  weight,  and  in  other  respects;  on  the  other 
hand,  it  has  been  regarded  as  a  state  or  condition  of  ordinary  mat- 
ter, and  generally  as  a  condition  of  motion.  From  the  latter  part 
of  the  last  century,  until  the  modem  researches  upon  the  mechani- 
cal equivalent,  the  former  view  had  by  far  the  greater  number  of 
adherents.  Its  popularity  may  be  chiefly  traced  to  the  teaching 
of  Black  and  Lavoisier.  By  the  former  of  these  philosophers,  the 
various  capacities  for  heat,  or  specific  heats,  of  different  bodies, 
seem  to  have  been  regarded  as  analogous  to  the  various  propor- 
tions of  the  same  acid  required  to  neutralise  equal  quantities  of 
different  bawfly  while  the  solid,  liquid,  and  gaseous  statea  were  ex« 
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plained  by  Black  as  repTesenting  so  many  distinct  proportions 
III  which  heat  was  capable  of  combining  with  ordinary  matter. 
Very  similar  views  were  advocated  by  Lavoisier :  he  refinrded  all 
gases  as  compounds  of  a  base  characteristic  of  each,  with  eahricj 
and  supposea  that  when,  as  the  result  of  chemical  action,  ^ey 
assumed  the  liquid  or  splid  state,  this  caloric  was  set  free,  and  ap- 
peared as  sensible  heat. 

Heat  was  compared  b^  these  philosophers  to  a  material  sub- 
stance, in  order  to  explam  its  then  known  quantitative  relations ; 
and  from  this  point  of  view  the  conception  introduced  by  them 
had  the  great  advantage  of  being  more  easily  grasped  than  any 
which  the  advocates  of  the  immaterial  nature  of  heat  had  to  offer 
in  its  place.  It  was  much  easier  to  conceive  of  definite  <}nantitien 
of  an  exceedingly  subtile  substance  or  fluid,  than  of  definite  quan- 
tities of  motion,  which  was  itself  undefined  as  to  its  nature.  It 
was  a  direct  consequence  of  the  material  view,  that  heat  should  be 
considered  as  indestructible  and  as  incapable  of  being  produced, 
and  therefore  that  the  total  quantity  of  heat  in  the  universe  should 
be  regarded  as  at  all  times  the  same. 

But,  on  the  other  hand,  this  hypothesis  did  not  afford  a  satis- 
factory explanation  of  the  production  of  heat  by  mechanical  means. 
Here  it  was  not  easy  to  deny  the  actual  generation  of  heat,  or  to 
explain  the  effects  as  depending  merely  on  its  altered  distribution. 
Nevertheless,  the  evolution  of  neat  by  friction  and  percussion  was 
generally  considered,  by  the  advocates  of  the  material  view,  as  in 
some  way  resulting  from  a  diminution  in  the  capacities  for  heat  of 
the  bodies  operated  upon ;  and  this  explanation  derived  considerable 
support  from  the  remark,  mode  by  Black,  that  a  piece  of  soft  iron, 
wnich  has  been  once  made  red  hot  bv  hammering  (see  p.  60),  coimot 
be  so  heated  a  second  time  until  it  has  been  heated  to  redness  in  a 
fire  and  allowed  to  cool.  In  this  case,  certainly,  it  seemed  as  though 
the  hammering  forced  out  heat  from  the  mass  of  iron,  like  water  from 
a  sponge,  and  that  a  fresh  supply  was  taken  up  when  the  iron  was 
put  in  the  fire.  This  explanation,  however,  did  not  satisfy  Rumford, 
who,  in  the  investigation  described  above,  made  direct  experiments 
upon  the  specific  heat  of  the  chips  of  metal  detached  by  the  friction, 
and  found  it  to  be  identical  with  that  of  brass  under  ordinary 
circumstances.  Still  more  decisive  proof  that  the  heat  generated 
by  friction  cannot  be  ascribed  to  a  diminution  of  specific  heat  in  the 
substances  operated  on  was  afforded  by  Davy's  experiment  on  the 
liquefaction  of  ice  by  friction;  for  in  this  case  the  ice  was  con- 
verted into  a  liquid  having  twice  the  specific  heat  of  the  ice  itself. 
Hence  Davy*  drew  the  conclusion  that,  "the  immediate  cause  of 
the  phenomena  of  heat  is  motion,  and  the  laws  of  its  communication 
areprecisely  the  same  as  the  laws  of  the  communicati(m  of  motion." 

Tne  mecWnical,  or  dynamical  theory,  which  regarded  heat  as 
consisting  in  a  state  of  molecular  motion,  cannot,  however,  be  said 

*  Elements  of  Chemical  Philosophy,  1812,  pp.  94,  95. 
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to  have  been  definitely  established,  until  it  also  was  made  quantita- 
tive,— until  it  was  shown  that  exact  numerical  laws  regulate  the 
production  of  heat  by  work  or  of  work  by  heat,  equally  with  its 
production  during  solidification  and  disappearance  during  fusion. 

To  illustrate  the  general  nature  of  the  djmamical  theory  of  heat^ 
we  give  an  outline  of  the  view  of  the  constitution  of  gases,  first 

Sut  forwaod,  in  its  present  form,  by  Joule;*  and  subsequently 
eveloned  by  Kr6nig,t  and  Clau8ius,X  and  of  the  explanation  of 
the  relations  existing  between  solids,  liquids,  and  gases,  which  has 
been  deduced  from  it  by  the  last-named  philosopher. 

First,  then,  it  is  assimied  that  the  p^icles  of  all  bodies  are  in 
constant  motion,  and  that  this  motion  constitutes  heat,  the  kind 
and  quantity  of  motion  varying  according  to  the  state  of  the  body, 
whetner  solid,  liquid,  or  gaseous. 

In  gases,  the  molecules — each  molecule  being  an  aggregate  of 
atoms — ^are  supposed  to  be  constantly  moving  forward  m  straight 
lines,  and  with  a  constant  velocity,  till  they  impinge  against  each 
other,  or  against  an  impenetrable  wall.  This  constant  impact  of 
the  molecules  produces  the  expansive  tendency  or  elasticity  which 
is  the  peculiar  characteristic  oi  the  gaseous  state.  The  rectilinear 
movement  is  not,  however,  the  only  one  with  which  the  particles 
are  affected.  For  the  impact  of  two  molecules,  imless  it  takes 
place  exactly  in  the  line  joining  their  centres  of  gravity,  must  give 
rise  to  a  rotatory  motion;  and,  moreover,  the  ultimate  atoms  of 
which  the  molecules  are  composed  may  be  supposed  to  vibrate 
within  certain  limits,  being,  in  fact,  thI^own  into  vibration  by  the 
impact  of  the  molecules.  This  vibratory  motion  is  callea  by 
Clausius,  the  motion  of  the  constituent  atoms.  The  total  quantity 
of  heat  in  the  gas  is  made  up  of  the  progressive  motion  of  the 
molecules,  together  with  the  vibratory  ana  other  motions  of  the 
constituent  atoms  ;  but  the  progressive  motion  alone,  which  is  the 
cause  of  the  expansive  tendency,  determines  the  temperature.  Now, 
the  outward  pressure  exerted  by  the  gas  against  the  containing 
envelope  arises,  according  to  the  hypomesis  under  consideration, 
from  tne  impact  of  a  great  number  of  gaseous  molecules  against 
the  sides  of  the  vesseL  But  at  any  eiven  temperature,  that  is, 
with  any  given  velocity,  the  number  of  such  impacts  taking  place 
in  a  given    time  must  vary  inversely  as  the  volume  of  the  given 

Quantity  of  gas  :  hence  the  pressure  varies  inversely  as  the  volume,  or 
irectly  as  tM  density,  which  is  Boyle's  law. 

When  the  volume  of  the  gas  is  constant,  the  pressure  resulting 
from  the  impact  of  the  molecules  is  proportional  to  the  sum  of  the 
masses  of  all  the  molecules  multiplied  into  the  squares  of  their 
velocities ;  in  other  words,  to  the  so-called  vis  viva  or  working  for€€ 
of  the  progresssive  motion.  If,  for  example,  the  velocity  be  doubled, 
each  molecule  will  strike  the  sides  of  the  vessel  with  a  twofold 

•  Ami.  Ch.  Phys.  [3]  1.  881.        +  Pogg.  Ann.  xcix.  816.       X  Ibid.  853. 
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force,  and  its  nmnber  of  impacts  in  a  given  time  will  also  be 
doubled  :  hence  the  total  pressure  will  be  quadrupled. 

Now,  we  know  that  when  a  given  quantity  of  any  perfect  gas  is 
maintained  at  a  constant  volume,  it  tends  to  expanc  by  j^  of  its 
bulk  at  zero  for  each  degree  centigrade.  Hence  the  pressure  or 
elastic  force  increases  proportionally  to  the  temperature  reckoned 
from -273**  C;  that  is  to  say,  to  the  absolute  temperature.  Con- 
sequently, the  ahsolxUe  temperature  is  proportional  to  the  working  force 
of  the  progressive  motion. 

Moreover,  as  the  motions  of  the  constituent  particles  of  a  gas 
depend  on  the  manner  in  which  its  atoms  are  united,  it  follows 
that  in  any  given  gas  the  different  motions  must  be  to  one  another 
in  a  constant  ratio ;  and,  therefore,  the  vis  viva  or  worhing  force  of 
the  progressive  motion  must  be  an  aliquot  part  of  the  entire  work- 
ing lorce  of  the  gas :  hence  also  the  absolute  temperature  is  pro- 
portional to  the  total  working  force  arising  from  all  the  motions 
of  the  particles  of  the  gas. 

From  this  it  follows  that  the  quantity  of  heat  which  must  be 
added  to  a  gas  of  constant  volume  in  order  to  raise  its  temperature 
by  a  given  amount,  is  constant  and  independent  of  the  tempera- 
ture. In  other  words,  the  specific  heat  of^a  gas  referred  to  a  given 
volimie  is  constant,  a  result  which  agrees  with  the  experiments  of 
Regnault,  mentioned  at  p.  34.  This  result  may  be  otherwise 
expressed,  as  follows  : — The  total  or  working  force  of  the  gas  is  to 
the  working  force  of  the  progressive  motion  of  the  molecules,  which  is 
the  measure  of  the  temperature,  in  a  constant  ratio.  This  ratio  is 
different  for  different  gases,  and  is  greater  as  the  gas  is  more  com- 
plex in  its  constitution  ;  in  other  words,  as  its  molecules  are  made 
up  of  a  greater  number  of  atoms.  The  specific  heat  referred  to  a 
constant  pressure  is  known  to  differ  from  the  true  specific  heat 
only  by  a  constant  quantity. 

l^he  relations  just  considered  between  the  pressure,  volume,  and 
temperature  of  gases,  presuppose,  however,  certain  conditions  of 
molecular  constitution,  whicn  are,  perhaps,  never  ri<?idly  fulfilled  : 
and,  accordingly,  the  experiments  of  Magnus  and  Regnault  show 
(p.  31)  that  gases  do  exhibit  slight  deviations  from  Gay-Lussac 
and  Boyle's  laws.  What  the  conditions  are  which  strict  adherence 
to  these  laws  would  require,  will  be  better  understood  by  con- 
sidering the  differences  of  molecular  constitution  which  must  exist 
in  the  solid,  liquid,  and  gaseous  states. 

A  movement  of  molecules  must  be  supposed  to  exist  in  all  three 
states.  In  the  solid  state,  the  motion  is  such  that  the  molecules 
oscillate  about  certain  positions  of  equilibrium,  which  they  do  not 
quit,  unless  they  are  acted  upon  by  external  forces.  This  vibra- 
tory motion  may,  however,  be  of  a  very  complicated  character. 
The  constituent  atoms  of  a  molecule  may  vibrate  separately,  the 
entire  molecules  may  also  vibrate  as  such  about  their  centres 
ot  gravity,  and  the  vibrations  may  be  either  rectilinear  or 
rotatory     Moreover,  when  extraneous  forces  act  upon  the  body, 
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as  in  shocks,  the  molecules  may  permanently  alter  their  relative 
positions. 

In  the  liquid  states  the  molecules  have  no  determinate  positions 
of  equilibrium.  They  may  rotate  completely  about  their  centres 
of  gravity,  and  may  also  .move  forward  into  other  positions.  But 
the  repulsive  action  arising  ^m  the  motion  is  not  strong  enough 
to  overcome  the  mutual  attraction  of  the  molecules,  and  separate 
them  completely  from  each  other.  A  molecule  is  not  permanently 
associated  with  its  neighbours,  as  in  the  solid  state;  it  does  not 
leave  them  spontaneously,  but  only  under  the  influence  of  forces 
exerted  upon  it  by  other  molecules,  with  which  it  then  comes  into 
the  same  relation  as  with  the  former.  There  exists,  therefore,  in 
the  liquid  state,  a  vibratory,  rotatory,  and  progressive  movement 
of  the  molecules,  but  so  regulated  that  they  are  not  thereby  forced 
asunder,  but  remain  within  a  certain  volume  without  exerting  any 
outward  pressure. 

In  the  gaseous  state,  on  the  other  hand,  the  molecules  are 
removed  quite  beyond  the  sphere  of  their  mutual  attractions,  and 
travel  onward  in  straight  lines  according  to  the  ordinary  laws  of 
motion.  When  two  such  molecules  meet,  they  fly  apart  Irom  each 
other,  for  the  most  part  with  a  velocity  equal  to  that  with  which 
they  came  together.  The  perfection  of  the  gaseous  state,  however, 
implies: — 1.  That  the  space  actually  occupied  by  the  molecules  of 
the  gas  be  infinitely  small  in  comparison  with  the  entire  volume 
of  the  gas  ;  2.  That  the  time  occupied  in  the  impact  of  a  molecule, 
either  against  another  molecule  or  against  the  sides  of  the  vessel, 
be  infinitely  small  in  comparison  with  the  interval  between  any 
two  impacts;  3.  That  the  influence  of  the  molecular  forces  be 
infinitely  smalL  When  these  conditions  are  not  completely  ful- 
filled, the  gas  partakes  more  or  less  of  the  nature  of  a  liqui(^,  and 
exhibits  certain  deviations  from  Gay-Lussac  and  Boyle's  laws.  Such 
is,  indeed,  the  case  with  all  known  gases ;  to  a  very  slight  extent 
with  those  which  have  not  yet  been  reduced  to  the  liquid  state ; 
but  to  a  greater  extent  with  vapours  and  condensable  gases,  especially 
near  the  points  of  condensation. 

Let  us  now  return  to  the  consideration  of  the  lic|uid  state.  It 
baa  been  said  that  the  molecule  of  a  liquid,  when  it  leaves  those 
with  which  it  is  associated,  ultimately  taxes  up  a  similar  position 
with  regard  to  other  molecules.  This,  however,  does  not  preclude 
the  existence  of  considerable  irregularities  in  the  actual  move- 
ments. Now,  at  the  surface  of  the  liquid,  it  may  happen  that 
a  particle,  by  a  peculiar  combination  of  the  rectilinear,  rotatory, 
ana  vibratory  movements,  may  be  projected  from  the  neighbouring 
molecules  with  such  force  as  to  throw  it  completely  out  of  their 
sphere  of  action,  before  its  projectile  velocity  can  be  annihilated 
by  the  attractive  force  which  they  exert  upon  it  The  molecule  will 
then  be  driven  forward  into  the  space  above  the  liquid,  as  if  it 
belonged  to  a  gas,  and  that  space,  if  originally  empty,  will,  in 
GonBeqnence  of  iJiie  action  just  described^  become  more  and  more 
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filled  with  these  projected  molecoles,  which  will  comport  themselves 
within  it  exactly  like  a  gas,  impinging  and  exerting  pressure  upon 
the  sides  of  the  envelope.  One  of  these  sides,  however,  is  formed 
by  the  surface  of  the  liquid,  and  when  a  molecule  impinges  upon 
this  surface,  it  will,  in  general,  not  be  driven  back,  out  retained 
by  the  attractive  forces  of  the  other  molecules.  A  state  of 
equilibrium,  not  static,  but  dynamic,  will  therefore  be  attained 
when  the  number  of  molecules  projected  in  a  given  time  into  the 
space  above  is  equal  to  the  number  which  in  the  same  time 
impinge  upon  and  are  retained  by  the  surface  of  the  liquid.  This 
is  the  process  of  vaporisation.  The  density  of  the  vapour  required 
to  ensure  the  compensation  just  mentioned,  depends  upon  the  rate  at 
which  the  particles  are  projected  from  the  surface  of  the  liquid,  and 
this  again  upon  the  rapidity  of  their  movement  within  the  liquid, 
that  is  to  say,  upon  the  temperature.  It  is  clear,  therefore,  that  the 
density  of  a  saturated  vapour  must  increase  with  the  temperature. 

If  tne  space  above  the  liquid  is  previously  filled  with  a  gas,  the 
molecules  of  this  gas  will  impinge  upon  the  surface  of  the  liquid, 
and  theret)y  exert  pressure  upon  it ;  but  as  these  gas-molecules  occupy 
but  an  extremely  small  profjortion  of  the  sj^ce  above  the  liqmd, 
the  Dcurticles  of  the  liquid  will  be  projected  mto  that  space  almost 
as  ii  it  were  empty.  In  the  middle  of  the  liquid,  how^ever,  the 
external  pressure  of  the  gas  acts  in  a  different  manner.  There  also 
it  may  happen  that  the  molecules  may  be  separat-ed  with  such  force 
as  to  produce  a  small  vacuum  in  the  midst  of  the  liquid.  But 
this  space  is  surrounded  on  all  sides  by  masses  which  afford  no  passage 
to  the  disturbed  molecules ;  and  in  order  that  they  may  increase  to 
a  permanent  vapour-bubble,  the  number  of  molecules  projected  from 
the  inner  surface  of  the  vessel  must  be  such  as  to  proauce  a  pressure 
outwards  equal  to  the  external  pressure  tending  to  compress  the 
vapour-bubble.  The  boiling  of  the  liquid  will,  therefore,  oe  higher 
as  the  external  pressure  is  greater. 

According  to  this  view  of  the  process  of  vaporisation,  it  is  pos- 
sible that  vapour  may  rise  from  a  solid  as  well  as  from  a  liquid ; 
but  it  by  no  means  necessarily  follows  that  vapour  must  be  formed 
from  all  bodies  at  all  temperatures.  The  force  which  holds  together 
the  molecules  of  a  body  may  be  too  great  to  be  overcome  by  any 
combination  of  moleciuar  movements,  so  long  as  the  temperature 
does  not  exceed  a  certain  limit 

The  production  and  consumption  of  heat  which  accompany  chances 
in  the  state  of  aggregation,  or  of  the  volume  of  bodies,  are  easily 
explained,  according  to  the  preceding  principles,  by  taking  account 
of  the  iDork  done  by  the  acting  forces.  This  work  is  partly  external 
to  the  body,  partly  internal.    To  consider  first  the  internal  work : 

When  the  molecules  of  a  body  change  their  relative  positions, 
the  change  may  take  place  either  in  accordance  with  or  in  opposi- 
tion to  the  action  of  the  molecular  forces  existing  within  the  body. 
In  the  former  case,  the  molecules,  during  the  passage  from  one  state 
to  the  other,  have  a  certain  velocity  imparted  to  them,  which  is 
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immediately  converted  into  heat ;  in  the  latter  case,  the  velocity 
of  their  movement,  and  consequently  the  temperature  of  the  body,  is 
diminished.  In  the  passage  m)m  the  solid  to  the  li(|uid  state,  the 
molecules,  although  not  removed  from  the  spheres  ot  their  mutual 
attractions,  nevertheless  change  their  relative  positions  in  opposition 
to  the  molecular  forces,  which  forces  have,  therefore,  to  be  overcome. 
In  evaporation,  a  certain  number  of  the  molecules  are  completely 
separated  from  the  remainder,  which  again  implies  the  overcoming 
ot  opposing  forces.  In  both  cases,  therefore,  work  is  done,  and  a 
certain  portion  of  the  working  force  of  the  molecules,  that  is,  of  the 
heat  of  the  body,  is  lost.  But  when  once  the  perfect  gaseous  state  is 
attained,  the  molecular  forces  are  completely  overcome,  and  any 
further  expansion  may  take  place  without  internal  work,  and,  there* 
fore,  without  loss  of  heat,  provided  there  is  no  external  resistance. 

But  in  nearly  all  cases  of  change  of  state  or  volume,  there  is  a 
certain  amount  of  external  resistance  to  be  overcome,  and  a  corre- 
sponding loss  of  heat.  When  the  pressure  of  a  gas,  that  is  to  say, 
the  impact  of  its  atoms,  is  exerted  against  a  movable  obstacle, 
such  as  a  piston,  the  molecules  lose  just  as  much  of  their  moving 
power  as  they  have  imparted  to  the  piston,  and,  consequently, 
their  velocity  is  diminished  and  the  temperature  lowered.  On  the 
contrarv,  when  a  gas  is  compressed  by  tne  motion  of  a  piston,  its 
molecules  are  driven  back  with  greater  velocity  than  that  with 
which  tbey  impinged  on  the  piston,  and,  consequently,  the  tempera- 
ture of  the  gEis  is  raised. 

When  a  uquid  is  converted  into  vapour,  the  molecules  have  to 
overcome  the  atmospheric  pressure  or  other  external  resistance, 
and,  in  consequence  of  this,  tocether  with  the  internal  work  already 
spoken  of^  a  large  quantity  of  heat  disappears,  or  is  rendered  latent y 
tne  quantity  thus  consumed  being,  to  a  considerable  extent,  affected 
by  the  external  pressure.  The  liquefaction  of  a  solid  not  being 
attended  with  much  increase  of  volume,  involves  but  little  external 
work ;  nevertheless  the  atmospheric  pressure  does  influence,  to  a 
Blight  amount,  both  the  latent  heat  of  fusion  and  the  melting  point. 


70  LIGHT. 


LiaHT. 


Two  views  liave  been  entertained  respecting  the  nature  of  lig^t 
Newton  imagined  that  luminons  bodies  emit,  or  shoot  ont,  in- 
finitely small  particles  in  straight  lines,  which,  hy  penetrating  the 
transparent  purts  of  the  eye  and  falling  upon  the  nervons  tusoe, 
produce  vision.  Other  philoephers  drew  a  parallel  between  the  pro- 
perties of  light  and  those  of  sound,  and  considered  that,  as  soond 
is  certainly  the  effect  of  undulations,  or  little  waves,  propamted 
through  elastic  bodies  in  all  directions,  so  li^ht  might  be  noSbing 
more  than  the  consequence  of  similar  undulations  transmitted  with 
inconceivable  velocity  through  a  highly  elastic  medium,  of  excessive 
tenuity,  filling  all  space,  and  occupying  the  intervals  between  the 
particles  of  material  substances.  To  this  medium  they  gave  the 
name  of  ether.  The  wave  h^rpothesis  of  light  is  at  present  generally 
ad()[)ted.  It  is  in  harmony  with  all  the  known  phenomena  discovered 
since  the  time  of  Newton,  not  a  few  of  which  were  first  deduced 
from  the  undulatory  theory,  and  afterwards  verified  by  experiment 
Several  well-kno\iai  facts  are  in  direct  opposition  to  the  theory  of 
emission. 

A  ray  of  light  eiiiiited  from  a  luminous  bo<ly  proceeds  in  a 
straight  line,  and  with  extreme  velocity.  Certain  astronomical 
observations  affonl  the  means  of  approximating  to  a  knowledge 
of  this  velocity.  The  satellites  of  Jupiter  revolve  about  the 
planet  in  the  same  manner  as  the  moon  about  tlie  earth,  and  the 
time  of  revolution  of  each  satellite  is  exactly  known  from  its 
periodical  entry  into  or  exit  from  the  shadow  of  the  planet  The 
time  required  by  one  is  only  42  hours.  Romer,  the  astronomer  of 
Copenlmj^en,  found  that  this  period  appeared  to  \ye  longer  when  the 
earth,  in  its  jiatisjige  round  the  sun,  moved  from  the  planet  Jupiter ; 
and,  on  the  contnirv,  he  observed  tliat  the  periodic  time  appeared 
to  be  shoiler  Avhen  the  earth  moved  in  the  diivction  towards  Jupiter. 
The  difference,  though  very  small  for  a  single  revolution  of  the 
satellite,  inci-eoses,  by  the  addition  of  many  revolutions,  during 
the  j)as8age  of  the  earth  from  its  nearest  to  its  greatest  distance  from 
Jupiter,  that  is,  in  about  half  a  year,  till  it  amounts  to  16  minutes 
and  16  seconds.  Romer  concluded  from  this,  that  the  light  of  the 
sun,  reflected  from  the  satellite,  required  that  time  to  pass  through 
a  diatiince  equal  to  the  diameter  of  the  orbit  of  the  earth ;  and  since 
this  sjxace  is  little  «hort  of  2(K)  millions  of  miles,  the  velocity  of  light 
cannot  be  less  than  2(M),(M)()  miles  in  a  second  of  time.  It  will  be 
seen  hereafter  that  this  mpidity  of  transmission  is  rivalled  by  that 
of  electricity.  Another  astronomical  T»henonienon,  observea  and 
correctly  explained  by  Bradley,  the  aberration  of  the  fixed  stars, 
leads  to  the  same  result.  Physicists  have,  moreover,  succeeded  in 
measuring  the  velocity  of  light  for  terrestrial,  and  indeed  compara- 
tively small  distances;  the  results  of  these  experiments  essentially 
correspond  with  those  given  by  astronomical  obser>'ations. 
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Reflection. — When  a  ray  of  light  falls  upon  a  bonndarj  between 
two  media,  a  part  of  it,  and,  in  exceptional  cases,  the  whole,  is 
reflected  into  the  first  medium,  whilst 
the  other  part  penetrates  into  the 
second  medium. 

The  law  of  regular  reflection  is 
extremely  simple.  If  a  line  be  drawn 
perpendicular  to  the  surface  upon 
which  the  ray  falls,  and  the  angle 
contained  between  the  ray  and  me 
perpendicular  be  measured,  it  will  be 
found  that  the  ray,  after  reflection, 
takes  such  a  course  as  to  make  with  the  perpendicular  an  e^ual  angle 
on  the  opposite  side  of  the  latter.  A  ray  of  light,  B,  falling  at  3ie 
point  P,  will  be  reflected  in  the  direction  pr',  making  the  angle  r'pp' 
equal  to  the  angle  rpp'  ;  and  a  ray  from  the  point  r  falling  upon 
the  same  spot  will  be  reflected  to  /  in  virtue  of  the  same  law. 
Further,  it  is  to  be  observed,  that  the  incident  and  reflected  rays  are 
always  contained  in  the  same  normal  plane. 

The  same  rule  holds  ^ood  if  the  mirror  be  curved,  as  a  portion 
of  a  sphere,  the  curve  bemg  considered  as  made  up  of  a  multitude 
of  little  planes.  Parallel  rays  cease  to  be  so  when  reflected  from 
curved  surfaces,  becoming  divergent  or  convergent  according  as 
the  reflecting  surface  is  convex  or  concave. 

Bodies  with  rough  and  uneven  surfaces,  the  smallest  parts  of 
which  are  inclined  towards  each  other  without  order,  reflect  the 
light  diffused.  The  perception  of  bodies  depends  upon  the  diffused 
reflected  light. 

Refraction. — It  has  just  been  stated  that  light  passes  in  straight 
lines ;  but  this  is  true  only  so  long  as  the  medium  through  which 
it  travels  preserves  the  same  density  and  the  same  chemical 
nature :  when  this  ceases  to  be  the  case,  the  ray  of  light  is  bent 
from  its  course  into  a  new  one,  or  is  said  to  be  refracted. 

Let  B  (fig.  37)  be  a  ray  of  light 
falling  upon  a  plate  of  some  trans- 
parent substance  with  parallel  sides, 
such  as  a  piece  of  thick  plate  glass, — 
in  short,  any  transparent  homogeneous 
material  which  is  either  non-crystal- 
line, or  ciystallises  in  the  regular 
system;  and  let  a  be  its  point  of 
contact  with  the  upper  surface.  The 
ray,  instead  of  holding  a  straight  course 
and  passing  into  the  glass  in  the  direc- 
tion A  B,  will  be  bent  do>vnwards  to  c  ; 
and,  on  leaving  the  glass,  and  issuing 
into  the  air  on  the  other  side,  it  will 
again  be  bent,  but  in  the  opposite  direction,  so  as  to  make  it  parallel 
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to  the  continnation  of  its  former  track,  provided  there  be  one  and  the 
same  medium  on  the  upper  and  lower  side  of  the  phite.  The  general 
law  is  thus  expressed  : — When  the  ray  passes  from  a  rare  to  a  denser 
medium,  it  is  usually  refracted  towards  a  line  perpendicular  to  the 
Hurface  of  the  latter ;  and  converselyj  when  it  leaves  a  dense  medium 
for  a  rarer  one,  it  is  refracted  from  a  Ime  perpendicular  to  the  soilace 
of  the  denser  substance  ;  in  the  former  case  the  an^le  of  incidence  is 
greater  than  that  of  refraction ;  in  the  latter,  it  is  less.  In  both 
cases  the  direction  of  the  refracted  ray  is  in  the  plane  R  a  B,  which 
is  formed  bv  the  falling  ray  and  the  perpendicular  8  a  drawn  from 
the  Huot  where  the  ray  is  refracted ;  the  angle  R  a  8  «  B  A  a',  is 
called  the  angle  of  incidence.  The  angle  c  a  s^  is  called  the  angle 
of  refraction.  The  difference  of  these  two  angles,  that  is,  the  angle 
c  A  B,  is  the  refraction. 

The  amount  of  refraction,  for  the  same  medium,  varies  with 
the  obliquity  with  which  the  ray  strikes  the  surface.  When  per- 
{>endicular  to  the  latter,  the  raj  passes  without  change  of  diiec- 
tiou  at  all;  and  in  other  positions,  the  refraction  increases  with 
the  obliquity. 

Let  R  (fig.  38)  represent  a  ray  of  light  falling  upon  the  surface  of 
a  mass  of  plate  glass  at  the  point  a.  From  this  point  let  a  perpen- 
dicular fall  and  oe  continued  mto 
the  new  medium,  and  around  the 
same  point,  as  a  centre,  let  a  circle 
be  drawn.  According  to  the  law 
just  stated,  the  refraction  must  be 
towards  the  perpendicular;  in  the 
direction  a  r',  for  example.  Let  the 
lines  a — a,  a' — a',  at  right  angles  to 
the  perpendicular,  be  drawn,  and 
their  length  compared  by  means  of  a 
scale  of  equal  part«,  and  noted :  their 
length  will,  in  the  case  supposed,  be 
in  proportion  of  3  to  2.  Tnese  Imes 
are  termed  the  sines  of  the  angles  of 
incidence  and  refraction  respectively. 

Now  let  another  ray  be  taken,  such  as  r;  it  is  refracted  in  the 
same  manner  to  /,  the  bending  being  greater  from  the  increased 
obli(iuity  of  the  ray ;  but  what  is  very  remarkable,  if  the  sines  of 
the  two  new  angles  of  incidence  and  refraction  be  again  comjpared, 
they  will  still  be  found  to  bear  to  each  other  the  proportion  of 
3  to  2.  The  fact  is  expressed  by  saying,  that  so  long  as  the  light 
passes  from  one  to  the  other  of  the  same  two  media,  the  ratio  of 
the  sines  of  the  angles  of  incidence  and  refraction  is  constant.  This 
ratio  is  called  the  ind^x  of  refraction. 

Difi'erent  bodies  possess  different  refractive  powers ;  generally 
speaking,  the  densest  substances  refract  most.  Combustible  bodies 
have  been  noticed  to  possess  greater  refractive  power  than  their 
density  would  indicate,  and  from  this  observation  Newton  predicted 
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the  combustible  nature  of  the  diamond  long  before  anything  was 
known  respecting  its  chemical  nature. 

The  method  adopted  for  describing  the  comparative  refractive 
power  of  different  oodies,  is  to  state  the  ratio  borne  by  the  sine  of 
the  angle  of  incidence  in  the  first  mediimi  at  the  boimdary  of  the 
second,  to  the  sine  of  the  angle  of  refraction  in  this  second 
medium ;  this  is  called  the  index  of  refraction  of  the  two  substances ; 
it  is  greater  or  less  than  unity,  according  as  the  second  medium  is 
denser  or  rarer  than  the  first.  In  the  case  of  air  and  plate  glass 
the  index  of  refraction  is  1*5. 

When  the  index  of  refraction  of  any  particular  substance  is  once 
known,  the  effect  of  the  latter  upon  a  ray  of  light  entering  it  in 
any  position  can  be  calculated  by  the  law  of  sines.  The  foflowinjg 
table  exhibits  the  indices  of  refraction  of  several  substcmces,  suppos- 
ing the  ray  to  pass  into  them  from  the  air  : — 


SalMtancea. 
Tabasheer,* 
Ice, 
Water, 
Fluor  spar, 
Plate  glass, 
Rock-ci^stal, 
Chrysolite, 


Index  of  refraction. 
1-10 
1-80 
1-34 
1-40 
1-60 
1-60 
1-69 


Substances. 

Index  of  refraction 

Garnet, 

■ 

.     1-80 

Glass  with  much  oxide 

of  lead. 

• 

.     1-90 

Zircon,     . 

•                  i 

2-00 

Phosphorus, 

•                  1 

2-20 

Diamond, 

•                  ■ 

2-50 

Chromate  of  lead. 

8-00 

Cinnabar, 

• 

.     8*20 

Bisulphide  of  carbon,    1*70 

When  a  luminous  ray  enters  a  mass  of  substance  differing  in 
refractive  power  from  the  air,  and  whose  surfaces  are  not  parallel, 
it  becomes  permanently  deflected  from  its  course  and  altered  in  its 
direction.  It  is  upon  this  principle  that  the  properties  of  prisms 
and  lenses  depend.  To  take  an  example. — 
Figure  39  represents  a  triangular  pnsm  of  ^^»-  ^• 

class,  upon  tne  side  of  which  the  ray  of  ^^  ^mmm^  ^• 
Dght  R  may  be  supposed  to  fall.  This 
ray  will  of  course  be  refracted,  on  entering 
the  glass,  towards  a  line  perpendicular  to 
the  first  surface,  and  again,  from  a  line 
perpendicular  to  the  second  surface  on 
emerging  into  the  air.  The  result  is  the  deflection  a  c  r,  which  is 
equal  to  the  simi  of  the  two  deflections  which  the  ray  imdergoes 
in  passing  through  the  prism. 

A  convex  lens  is  thus  enabled  to  converge  rays  of  light  falling 
upon  it,  and  a  concave  lens  to  separate  them  more  widely ;  each 
separate  part  of  the  surface  of  the  lens  producing  its  own  independent 
effect. 

Dispersion. — The  light  of  the  sun  and  celestial  bodies  in  general, 
as  well  as  that  of  the  electric  spark  and  of  all  ordinary  flames,  is 


*  A  siliceous  deposit  in  the  joints  of  the  bamboo. 
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of  a  compound  nature.  If  a  nj  of  light  from  any  of  the  Bouices 
mentioned  be  admitted  into  a  dark  room  by  a  small  hole  in  a 
shutter,  or  otherwise,  and  suffered  to  fall  upon  a  glass  prism,  in  the 
manner  shown  in  fig.  40,  it  will  not  only  be  refracted  from  its 


straight  course,  but  will  be  decomposed  into  a  number  of  coloured 
rayH,  which  m^  be  received  upon  a  white  screen  placed  behind 
the  prism.  When  solar  light  is  employed,  the  colours  are 
extremely  brilliant,  and  spread  into  an  oblong  space  of  consider^ 
able  length. 

The  prism  being  placed  with  its  base  upwards,  as  in  fig.  40,  the 
upper  part  of  this  image,  or  spectrumy  will  be  violet  and  the  lower 
red,  the  intermediate  portion,  commencing  from  the  violet,  being 
indigo,  blue,  green,  yellow,  and  orange,  all  graduating  imperceptibly 
into  each  other.  This  is  the  celebrated  experiment  of  Sir  Isaac 
Newton ;  from  it  he  drew  the  inference  that  white  light  is  com- 
posed of  seven  primitive  colours,  the  rays  of  which  are  differently 
refmngible  by  tne  same  medium,  and  hence  capable  of  being  thus 
separated.  The  violet  rays  are  most  refrangible,  and  the  red  raya 
least.* 

Bodies  of  the  same  mean  refractive  power  do  not  always  equally 
disperse  or  spread  out  the  differently  coloured  rays  to  the  same 
extent ;  because  the  principal  yellow  or  red  rays,  tor  instance,  are 
equally  refriicted  by  two  prisms  of  different  materials,  it  does  not 
follow  that  the  blue  or  the  violet  will  be  similarly  affected.  Hence, 
prisms  of  different  varieties  of  glass,  or  other  transparent  sub- 
stances, give,  under  similar  circumstances,  very  different  spectra, 
both  as  respects  the  length  of  the  image,  and  the  relative  extent  of 
the  coloured  bands. 

The  appearance  of  the  spectrum  may  also  vary  with  the  nature 

*  The  colours  of  natural  objects  are  supposed  to  result  from  the  power 
possessed  by  their  surfaces  of  absorbing  some  of  the  coloured  rays,  while  they 
reflect  or  transmit,  as  the  case  may  be,  the  remainder  of  the  rays.  Thus  an 
object  appears  red  because  it  absorbs  or  c-auses  to  disappear  the  yellow  and 
blue  rays  composing  the  white  light  by  which  it  is  illuminated.  Any  oolonr 
which  remains  after  the  deduction  of  another  colour  from  white  light,  is  said 
to  be  cmnplementary  to  the  latter.  Complementary  colours,  when  acting 
simultaneously,  reproduce  white  light.  Thus  in  the  example  already  quoted, 
red  and  green  are  complementary  colours.  The  fact  of  complementary  colours 
giving  rise  to  white  light  may  be  readily  illustrated  by  mixing  in  appropriate 
quantities  a  rose-red  solution  of  cobalt  and  green  solution  of  nickel ;  tne  result- 
ing liquid  is  nearly  colourless. 
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of  the  source  of  light :  the  investigation  of  these  differences,  how- 
ever, involves  the  use  of  a  more  deucate  apparatus.  Fig.  41  shows 
the  principle  of  such  an  apparatus,  which  is  called  a  spectroscope. 


The  light,  passing  through  a  fine  slit,  s,  impinges  upon  a  flint-glass 
prism,  o,  by  which  it  is  dispersed.  The  decomposed  light  emerges 
trom  tne  prism  in  several  directions  between  r  (red  rays)  and  v 
(violet  rays) ;  and  the  spectrum  thus  produced  is  observed  by  the 
telescope  t,  which  receives  only  part  of  it  at  once  ;  but  the  several 
parts  may  be  readily  examined  by  turning  slightly  either  the  prism 
or  the  telescope. 

If  the  solar  spectrum  be  examined  in  this  manner,  numerous 
dark  lines  parallel  with  the  edge  of  the  prism  are  observed.  They 
were  discovered  in  1802  by  Dr  Wollaston,  and  subsequently  more 
minutely  investigated  by  Fraunhofer.  They  are  generally  known 
as  Fraimhofer's  lines.  These  dark  lines,  which  exist  in  great 
numbers,  and  of  very  varying  strength,  are  irregularly  distributed 
over  the  whole  spectrum.  Some  of  them,  in  consequence  of  their 
peculiar  strength  and  their  relative  position,  may  always  be  easily 
recognised ;  the  more  conspicuous  are  represented  in  fig.  42,  and  in 
the  frontispiece.     The  same  dark  lines,  though  paler,  and  much 

Fig.  42. 
Red.  Orange.  Yellow.  Green.     Bine.      Indigo.    Violet. 
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Dark  lines. 


more  difficult  to  recognise,  are  observed  in  the  spectrum  of  planets 
lighted  by  the  sun  ;  for  instance,  in  the  light  emanating  from  Venus. 
On  the  other  hand,  the  dark  lines  observed  in  the  spectra  which  are 
produced  by  the  light  emanating  from  fixed  stars — from  Sirius,  for 
instance — axSkx  in  position  from  those  previously  mentioned. 

Sources  of  light  which  contain  no  volatile  constitutents — 
incandescent  platinum  wire,  for  example — furnish  continuoiis 
spectra,  exhibiting  no  such  lines.  But  if  volatile  substances  be 
present  in  the  source  of  light,  bright  lines  are  observed  in  the 
spectmxn,  which  are  frequently  characteristic  of  the  volatile 
gabstances. 
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Professor  Pliicker,  of  Bonn,  has  investigated  the  spectra  which  are 
produced  by  the  electric  light  when  devefoped  in  very  rarefied  rases. 
He  found  the  bright  lines  and  the  dark  stripes  between  the  lines 
varying  considerably  with  di£ferent  gases.  When  the  electric  light 
was  developed  in  a  mixture  of  two  ^ases,  the  spectrum  thus  obtained 
exhibited  simultaneously  the  peculiar  Bpectra  belonging  to  ^e  two 
gases  of  which  the  mixture  consisted.  When  the  experiment  wis 
made  in  gaseous  compounds  capable  of  being  decomposed  by  the 
electric  current,  this  aecomposition  was  indicated-by  the  spectra  of 
the  .separated  constitutents  becoming  perceptible. 

Many  years  ago  the  spectra  of  coloured  nunes  were  examined  by 
Sir  Jolm  Herschel,  Fox  Talbot,  and  W.  A.  Miller.  Within  the  last 
few  years  results  of  the  greatest  importance  have  been  obtained  by 
Kirchhoff  and  Bunsen,  who  have  investigated  the  spectra  fiiniiflhed 
by  the  iiicandescence  of  volatile  substances :  these  reseaches  have 
enriched  chemistry  with  a  new  method  of  analysis,  the  analysis  by 
spectrum  observations.  In  order  to  reco^pise  one  of  the  metals  of 
the  alkalis  or  of  the  alkaline  earths,  it  is  generally  sufficient  to 
introduce  a  minute  quantity  of  a  moderately  volatile  compound  of 
the  metal,  on  the  loop  of  a  platinum  wire,  into  the  edge  of  the  very 
hot,  but  scarcely  luminous  flame,  of  a  mixture  of  air  and  coal-gas, 
and  to  examine  the  fii)ectrum  which  is  furnished  by  the  flame  con- 
taining the  vapour  of  the  metal  or  its  compound.    Fig.  43  exhibits 


Fig.  48. 


the  apparatus  which  is  used  in  performing  experiments  of  this 
description.  The  light  of  the  flame  in  which  the  metallic  compoimd 
is  evaporated  passes  through  the  fine  slit  in  the  disc,  «,  into  a  tube, 
the  opposite  end  of  which  is  provided  ^ith  a  convex  lens.  This 
lens  collects  the  rays  diverging  from  the  slit,  and  throws  them 
parallel  upon  the  prism,  p.  The  light  is  decomposed  bv  the  prism, 
and  the  spectrum  thua  obtained  is obsened  by  means  of  the  telescope, 


UOHT.  77 

"which  may  be  turned  round  the  axis  of  the  stand  carrying  the 
priEDL    Foreign  li^ht  is  excluded  by  an  appropriate  covering. 

The  limits  of  this  elementary  treatise  do  not  permit  us  to  describe 
the  ingenious  arrangements  which  have  been  contrived  for  sending 
the  light  from  dififerent  sources  through  the  same  prism  at  different 
heights,  whereby  their  spectra,  the  solar  spectrum,  for  instance, 
and  that  of  a  flame,  may  oe  placed  in  a  parallel  position,  the  one 
above  the  other,  and  thus  be  compared.*  The  spectra  of  flames  in 
which  diflerent  substances  are  volatilised  frequently  exhibit  such 
characteristically  distinct  phenomena,  that  they  may  be  used  with 
the  greatest  advantage  for  the  discrimination  of  these  substances. 
Thus  the  spectrum  of  a  flame  containing  sodium  (Na)  exhibits  a 
bright  line  on  the  yellow  portion,  the  spectrum  of  potassiimi  (K)  a 
characteristic  bright  line  at  the  extreme  limit  of  the  red,  and 
another  at  the  opposite  violet  limit  of  the  spectrum.  Lithiimi  (Li) 
shows  a  bright  brilliant  line  in  the  red,  and  a  paler  line  in  the  yellow 
portion  ;  strontium  (Sr)  a  bright  line  in  the  blue,  one  in  the  orange, 
and  six  less  distinct  ones  in  the  red  portion  of  the  spectrum.  Tne 
frontispiece  exhibits  the  most  remarkable  of  the  dark  lines  of  the 
solar  spectrum  (Fraunhofer's  lines),  and  the  position  of  the  bright 
lines  in  the  spectra  of  flames  containing  the  vapours  of  compounds 
of  the  metals  of  the  alkalis  and  alkaline  earths,  also  of  the  metals 
thallium  and  indium. 

The  delicacy  of  these  spectral  reactions  is  very  considerable,  but 

unequal  in  the  case  of  different  metals.    The  presence  <^^  ooooOOOOO 

grain  of  sodium  in  the  flame  is  still  easily  recognisable  by  the  bright 
yellow  line  in  the  spectrum.  Lithium,  when  introduced  in  the  form 
of  a  volatile  compound,  imparts  to  the  flame  a  red  colour ;  but  this 
coloration  is  no  longer  perceptible  when  a  volatile  sodium  compound 
is  simultaneously  present,  the  yellow  coloration  of  the  flame 
predominating  under  such  circumstances.  But  when  a  mixture  of 
■one  part  of  hthium  and  1000  parts  of  sodium  is  volatilised  in  a 
flame,  the  spectrum  of  the  flame  exhibits,  together  with  the  bright 
yellow  sodium  line,  likewise  the  red  line  characteristic  of  lithium. 
The  observation  of  bright  lines  not  belonging  to  any  of  the  previously 
known  bodies  has  lea  to  the  discovery  of  new  elements.  Thus, 
Bunsen  and  Eirchhoff,  when  examining  the  spectrum  of  a  flame  in 
which  a  mixture  of  alkaline  salt  was  evaporated,  observed  some 
bright  lines,  which  could  not  be  attributed  to  any  of  the  known 
elements,  and  were  thus  led  to  the  discovery  of  the  two  new  metals, 
csuium  and  rubidium.  Bv  the  same  method  a  new  element,  thallium^ 
has  been  more  recently  discovered  by  Mr  Crookes ;  another,  called 
indium,  by  Reich  and  Kichter;  and  a  third,  called  gallium,  by  Lecoq 
de  Boisbaudran. 

For  the  examination  of  the  bright  lines  in  the  spectra  of  metals, 

*  Sm  the  article  "  Spectral  Analysis/  by  Piof.  Roscoe,  in  Watts's  Dic- 
tionazy  of  Ckiemistry,  vol.  v. 
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the  electric  epark,  paasing  between  two  points  of  the  metal  under 
examination,  may  oe  conveniently  employed  as  a  sonroe  of  light 
Small  quantities  of  the  metal  are  invariably  volatilised ;  and  the 
spectrum  developed  by  the  electric  light  exhibits  the  bn^^t  lines 
characteristic  of  tlie  metal  emploved.  These  lines  were  observed  hy 
Wheatstone  as  early  as  1835.  This  method  of  investigation  is  mora 
especially  applicable  to  the  examination  of  the  spectra  of  the  heavy 
metals. 

By  a  series  of  theoretical  considerations,  Professor  Eirchhoif  has 
arrived  at  the  conclusion  that  the  spectrum  of  an  incandescent  gas 
is  reversed — i.e.,  that  the  bright  lines  become  dark  lines — if  there  oe 
behind  the  incandescent  ^  a  very  luminous  source  of  lighlLwhieh 
by  itself  furnishes  a  contmuous  spectrum.  Eirchhoff  and  Bonsen 
have  fully  confirmed  this  conclusion  by  experiment  Thus  a  volatile 
lithium  salt  produces,  as  just  pointed  out,  a  vei^  distinct  bright  line 
in  the  red  portion  of  the  spectrum ;  but  if  bright  sunlight,  or  the 
light  emitted  by  a  solid  body  heated  to  the  most  poweifol 
incandescence,  be  allowed  to  fall  through  the  flame  upon  the  prism, 
the  spectrum  exhibits,  in  the  place  of  this  bright  line,  a  blacc  line 
similar  in  every  respect  to  Fraunhofer's  lines  in  the  solar  spectrum. 
In  like  manne^  the  bright  strontium  line  is  reversed  into  a  dark 
line.  KircbhofF  and  Bunsen  have  expressed  the  opinion  that  all  the 
Fraunhofer  lines  in  the  solar  spectrum  are  bright  Imes  thus  reversed. 
In  their  conception,  the  sun  is  surrounded  by  a  luminous  atmosphere, 
containing  a  certain  number  of  volatilised  substance^*,  which  would 
give  rise  m  the  spectrum  to  certain  bright  lines,  if  the  light  of  the 
solar  atmosphere  alone  could  reach  the  i)rism ;  but  the  intense 
light  of  the  powerfully  incandescent  body  of  the  sun  which  passes 
through  the  solar  atmosphere,  causes  these  bright  lines  to  be  reversed 
and  to  appear  as  dark  lines  on  the  ordinary  solar  spectrum, 
Kirchhoff  and  Bunsen  have  thus  l^een  enabled  to  attempt  the 
investigati<m  of  the  chemical  constitutents  of  the  solar  atmosphere, 
by  ascerttiining  the  elements  which,  when  in  the  state  of  incandescent 
vapour,  develoji  bright  spectral  lines,  coinciding^  with  Fraunhofer's 
lines  in  the  solar  spectrum.  Fraunhofer's  line  I)  (fig.  42)  coincides 
most  acciu-ately  with  the  bright  s})ectral  line  of  so(lium,  and  may  be 
artificially  produced  by  reversing  the  latter;  sodium  would  thus 
appear  to  be  a  constituent  of  the  solar  atmosphere.  Kirchhoff  has 
proved,  moreover,  that  sixty  bright  lines  perceptible  in  the  spectrum 
of  iron  correspond,  both  as  to  j)(>sition  and  distinction,  most  exactlv 
with  the  same  number  of  dark  lines  in  the  solar  spectrum,  sluA, 
accordingly,  he  believes  iron,  in  the  state  of  vapour,  to  be  present  in 
the  sohir  atmosphere.  In  a  similar  manner  this  phvsicist  has 
endeavoured  to  establish  the  presence  of  several  other  elements  in 
the  solar  atmosphere. 

Absorption  Spectra. — The  relative  quantities  of  the  several  coloured 
rays  absorbed  by  a  coloured  medium  of  given  thickness  may  bo 
observed  by  viewing  a  line  of  light  tlirough  a  prism  and  the  coloured 


UOHT  79 

medium ;  the  spectrum  will  then  he  seen  to  he  diminished  in  hright- 
ness  in  some  parts,  and  perhaps  cut  off  altogether  in  others.  This 
mode  of  ohserviation  is  often  of  great  use  in  chemical  analysis,  as 
many  coloured  suhstances  when  thus  examined  afford  very  character- 
istic spectra,  the  peculiarities  of  which  may  often  be  distinguished, 
even,  though  the  solution  of  the  substance  imder  examination 
contains  a  sufficient  amount  of  coloured  impurities  to  change  its 
colour  very  considerably.  The  folloMring  method  of  making  the 
observation  is  given  by  Professor  Stokes.* 

A  small  niism  is  to  be  chosen  of  dense  flint  glass,  ground  to  an 
angle  oi  9(r^  and  just  laise  enough  to  cover  the  eye  comfortably. 
The  top  and  bottom  should  be  flat,  for  convenience  of  holding  the 
prism  between  the  thumb  and  fore-tinger,  and  laying  it  down  on  a 
table,  so  as  not  to  scratch  or  soil  the  mces.  A  fine  line  of  light  is 
obtained  by  making  a  vertical  slit  in  a  board  six  inches  square,  or  a 
little  longer  in  a  horizontal  direction,  and  adapting  to  the  apeorture 
two  pieces  of  thin  metaL  One  of  the  metal  pieces  is  movable, 
to  allow  of  altering  the  breadth  of  the  slit.  About  the  fiftieth  of  an 
inch  is  a  suitable  breadth  for  ordinary  purposes.  The  board  and 
metal  nieces  should  be  well  blackened. 

On  holding  the  board  at  aim's  length  against  the  sky  or  a  luminous 
flame,  the  slit  being,  we  will  suppose,  in  a  vertical  direction,  and 
viewiag^  the  line  of  Jtiffht  thus  formed  through  the  j>rism  held  close 
to  the  eye,  with  its  edge  vertical,  a  pure  spectrum  is  obtained  at  a 
proper  azimuth  of  the  prism.  Turning  the  prism  round  its  axis 
alt€^  the  focus,  and  the  proper  focus  is  got  by  trial.  The  whole  of 
the  spectrum  is  not,  inaeea,  in  perfect  focus  at  once,  so  that  in 
scrutinising  one  part  after  another,  it  is  requisite  to  turn  the  prism 
a  little.  When  daylight  is  used,  the  spectrum  is  known  to  be  pure 
by  its  showing  the  principal  fixed  lines;  in  other  cases  the  focus  is 
got  by  the  condition  of  seeing  distinctly  the  other  objects,  whatever 
they  may  be,  which  are  presented  in  the  spectrum.  To  observe  the 
abeon>tion  spectrum  of  a  liquid,  an  elastic  band  is  put  round  the 
board  near  the  top,  and  a  test-tube  containing  the  liquid  is  slipped 
undur  the  band,  which  holds  it  in  its  place  behind  the  slit.  The 
spectrum  is  then  observed  just  as  before,  the  test-tube  being  turned 
horn,  the  eye. 

To  observe  the  whole  progress  of  the  absorption,  different 
degrees  of  strength  must  be  used  in  succession,  beginning  with  a 
strength  which  does  not  render  any  part  of  the  spectrum  absolutely 
black,  unless  it  be  one  or  more  very  narrow  bands,  as  otherwise  the 
most  distinctive  features  of  the  absorption  might  be  missed.  If 
the  solution  be  contained  in  a  wedge-shaped  vessel  instead  of  a 
test-tube,  the  progress  of  the  absorption  may  be  watched  in  a  con- 
tinuous manner  by  sliding  the  vessel  before  the  eye.  Some  observers 
prefer  using  a  wedge-shaped  vessel  in  combination  with  the  slit,  the 
slit  being  perpendicular  to  the  edge  of  the  wedge.    In  this  case  each 
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element  of  the  alit  foiiuB  tii>  elementaiT  Hpectnun  corresponiling 
with  a  thickneea  of  the  solution  which  increaaeB  in  a  continuons 
tuanner  from  the  edge  of  the  wed^,  where  it  Taniihee.  This  ii  the 
luude  of  observation  adopted  by  <AadBtone.* 

Yia.  44  represents  the  effect  produced  in  thii  wa^  bj  a  iolntion 
□f  chromic  chloride,  and  fig.  45  that  produced  bj  a  solution  of 
potassium  permanganate. 


The  right  hand  aide  of  these  figures  corresponds  with  the  red 
end  of  the  Bppi'tnim  ;  the  letters  refer  to  Fraunhofer's  lines.  The 
lower  part  of  each  figure  shows  the  pure  spectrum  seen  throngh  the 
thlnneat  port  of  the  weilge  ;  and  the  progress  of  the  absorption,  as 
the  thickiietw  of  the  Ijiiuid  increascB,  iaeeen  by  the  gradual  ot^tera- 
tion  of  the  spectrum  towards  the  upper  part  of  the  hgures, 

FhtOTttcence.~-Aa  examination  into  a  peculiar  mode  of  analj^sis 
of  light,  difiuovered  bv  Sir  John  Herschel,  in  a  solution  of  qoiDine 
sulphate,  has  within  tne  last  few  years  led  to  the  discovery  ol  a  most 
remarkable  fact.  Professor  Stokes  has  observed  that  light  of  certain 
refraugibility  and  colour  is  capable  of  experiencing  a  peculiar 
infiuence  in  beinjj  dieperbed  by  certain  media,  and  of  undergoing 
fiereby  an  alteration  of  its  refiingibility  and  colour.  This  curious 
change,  called  fluorescence,  can  be  produced  by  a  great  number  of 
bodies,  both  li<|uid  and  solid,  transj«rent  and  opaque.  Frequently 
the  change  atfects  only  the  extreme  limits ;  at  other  times  lareer 
portions  ;  and  in  a  few  cases  even  the  whole,  or,  at  all  events,  ue 
major  part  of  the  spectrum.  A  dilute  solution  of  quinine  sulphate, 
for  instance,  changes  the  violet  and  the  dark-blue  bght  to  sky-blue ; 
by  a  decoction  of  madder  in  a  solution  of  alum  b31  rays  of  higher 
refraugibility  than  yellow  are  converted  into  vellow ;  by  an  alcoholic 
solutionof  toe  colouring  matter  of  leaves,  all  tJhe  rays  of  thespecbTim 
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Fig.  46. 


become  red.  In  all  cases  in  which  this  peculiar  phenomenon  pre- 
sented itself  in  a  greater  or  less  degree,  Mr  Stokes  observed  that  it 
consisted  in  a  diminution  of  the  refrangibility.  Thus,  rays  of  so 
high  a  degree  of  refrangibility,  that  they  extend  fiEur  beyond  the 
extreme  limits  of  the  spectrum  visible  under  ordinary  circumstances, 
maybe  rendered  luminous^ and  converted  into  blue  and  even  red  light. 

Double  Kefraction  and  Polarisation. — ^A  ray  of  common 
light  made  to  pass  through  certain  crystals  of  a  particular  order  is 
found  to  undergo  a  very  remarkable  chanse.  It  becomes  split  or 
divided  into  two  rays,  one  of  which  follows  me  general  law  of  refrac- 
tion, while  the  other  takes  a  new  and  extraordinary  course,  depen- 
dent on  the  position  of  the  crystal.  This  effect,  which  is  called 
doable  refraction, is  beautifully  illustrated  in  the  case  of  Iceland 
spai^  or  crystallised  calcium  carbonate.  On  placing  a  rhomb  of  this 
subetance  on  a  piece  of  white  paper  on  which  a  mark  or  line  has 
been  made,  the  object  will  be  seen  double. 

Again,  if  a  ray  of  light  be  suffered  to  fall  on  a  plate  of  glass  at  an 
angle  of  66°  45',  the  portion  of  the  ray  which  suffers  reflection  will 
be  found  to  have  acquired  properties  which  it  did  not  before  possess  ; 
for  on  throwing  it,  at  the  same  angle,  upon  a  second  glass  plate,  it 
will  be  observMl  that  there  are  two  particular  positions  of  the  latter, 
namely,  those  in  which  the  planes  of  inci- 
dence are  at  right  angles  to  one  another, 
when  the  ray  of  light  is  no  longer  reflected, 
but  entirely  refracted.  Light  which  has 
suffered  this  change  is  said  to  be  poto- 
rised. 

The  light  which  passes  through  the  first 
or  polarising  plate  is  also,  to  a  certain  ex- 
tent, in  this  peculiar  condition,  and  by  em- 
ploying a  series  of  similar  plates  held  paral- 
lel to  the  first,  this  effect  may  be  greatly 
increased ;  a  bundle  of  fifteen  or  twenty 
such  plates  may  be  used  with  great  con- 
Tenience  for  the  experiment  It  is  to  1^ 
remarked^  also,  that  the  light  polarised  by 
transmission  in  this  manner  is  in  an  opposite  state  to  that  polarised 
by  reflection;  that  is,  when  examined  by  a  second  or  analysing 
plate,  held  at  the  angle  before  mentioned,  it  will  be  seen  to  be 
reflected  when  the  other  is  transmitted,  and  to  be  dispersed  when 
the  first  is  reflected. 

It  is  not  every  substance  that  is  capable  of  polarising  light  in  this 
manner ;  glass,  water,  and  certain  other  bodies  bring  about  the 
chance  in  question,  each  having  a  particular  polarising  angle  at 
whicn  the  effect  is  greatest.  For  each  transparent  substance  the 
polarising  angle  is  im.t  at  which  the  reflected  and  refracted  rays  are 
perpendicular  to  each  other.  Metals  can  also  polarise  light,  by 
reflection,  but  they  do  so  veiy  imperfectly. 
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The  two  tajn  into  wliich  a  pencil  of  common  lig^t  divides  iteelf 
in  iianaing  through  a  doublj-rebacting  ciyBtal  are  found  on  exainin»- 
tirtu  to  be  iiolarised  in  a  yeiy  complete  manner,  and  also  tranirenelr, 
the  one  heiu^  capable  of  reflection  when  the  other  vaniahee  or  u 
tniusmitted.  The  two  ra7«  are  »at(l  to  be  poUriBed  in  opposite 
(lirections.  With  a  rhomb  of  traniiparent  Iceland  apar  of  telerablT 
lai^  dimenHionH,  the  two  oppositely  polatiBed  raya  maj  be  widely 
aeparuted  ami  examined  apart 

Certain  doubly  refracting  crjatala  abaorb  one  of  theae  mjt,  but 
not  the  other.  Through  a  plate  of  such  a  crvstal  one  ray  paaaea 
and  Ijocomee  entirelv  polaneed;  the  other,  wnich  is  likewise  po- 
larised, but  in  anotnei  plane,  is  removed  hy  absorption.  The 
beat  known,  of  these  media  is  tourmaline.  When  two  plates  of 
thiH  mineral,  cut  parallel  to  the  axis  of  the  cijstal,  are  held  with 
their  axva  parallel,  as  in  fig.  47,  light  tiaversea  them  both  freely ; 
but  when  one  of  them  is  turned  round  in  the  manner  ahown 
in  fjg.  i3  HO  as  to  make  the  axes  cross  at  right  angles,  the  light  i« 
almost  wholly  stopped,  if  the  tourmalines  are  good.  A  plate 
of  the  minerul  thus  becomes  an  excellent  test  foe  discrinmutting 
between  polarised  light  and  that  wbicli  has  not  undergone  die 
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Instead  of  the  tourmaline  plate,  which  is  always  coloured,  frequpnt 
use  is  mode  of  two  Nichnl's  prisms,  or  conjoine<l  prisma  of  calcium 
carbonate,  which,  in  conset^uence  of  a  peculiar  cuttmg  and  combina- 
tion, posgess  the  property  of  allowing  only  one  of  the  oppoiiit«ly 
polarised  rays  to  p«Hs.  A  more  udvantageoup  method  of  cutting  and 
combining  prisms  has  been  given  liy  M.  Foucault.  His  prisms  are 
as  serviceable  as,  and  less  expensive  than,  those  of  Nichol.  If  two 
Kichol'H  or  FnucauIt'H  pri»ms  be  placed  one  lichind  the  other  in 
precisely  similar  pnsitions,  the  light  polariseil  by  the  one  goes  through 
the  other  unaltercil.  But  when  one  prism  is  slightly  turned  round 
in  its  setting,  a  clouiliness  is  pnHluceil;  and  br  continuing  to  turn 
the  prism,  this  increases  until  perfect  darkness  ensues.  This 
happens,  as  with  the  tourmaline  plates,  when  the  two  prisms  crow 
one  another.  The  phenomenon  is  the  same  with  colnurlcss  a»  with 
coloured  light 
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Circular  Polari&ation. — Supposing  that  polarised  light,  colouied, 
for  example,  by  going  throu^  a  plate  of  red  glass,  has  passed 
through  the  first  Nicnor»  pnsm,  and  been  altogether  obstructed 
in  consequence  of  the  position  of  the  second  prism,  then,  if  between 
the  two  prisms  a  plate  of  rock-crystal,  formed  by  a  section  at  right 
angles  to  the  principal  axis  of  the  crystal,  be  interposed,  the  light 
pomrised  by  the  first  prism  will,  by  mssing  through  the  plate  of 
quartz,  be  enabled  partially  to  pass  through  the  second  NichoVs 
prisms.  Its  passage  through  the  second  prism  can  then  again  be 
interrupted  by  turning  the  second  prism  round  to  a  certain  extent. 
The  rotation  required  varies  with  tne  thickness  of  the  plate  of  rock- 
crystal,  and  with  the  colour  of  the  light  employed.  It  increases 
from  red  in  the  following  order — yellow,  green,  blue,  violet. 

This  property  of  rock-crystal  was  discovered  by  Arago.  The  kind 
of  polarisation  has  been  called  circular  polarisation.  The  direction 
of  tne  rotation  is  with  many  plates  towards  the  right  hand  ;  in  other 
plates  it  is  towards  the  left.  The  one  class  is  said  to  possess  right- 
nanded  polarisation,  or  to  be  dextrorotatory  or  dextrogyrate ;  the  other 
to  possesss  class  left-handed  polarisation,  or  to  be  levorotatory  or 
Uvogyrate.  For  a  long  time  quartz  was  the  only  solid  body  known 
to  exhibit  circular  polarisation.  Others  have  since  l^een  found  which 
possess  this  property  in  a  far  higher  degree.  Thus,  a  plate  of  cinna- 
bar acts  fifteen  times  more  powerfully  nian  a  plate  of  quartz  of  equal 
thickness. 

Biot  observed  that  many  solutions  of  organic  substances  exhibit 
the  property  of  circular  ^polarisation,  though  to  a  far  less  extent  than 
rock-crystal.  Thus,  solutions  of  cane-sugar,  glucose,  and  tartaric  acid, 
possess  right-handed  polarisation ;  whilst  albumin,  uncrystallisable 
sugar,  and  oil  of  turpentine,  are  left-handed.  In  all  these  solutions 
the  amount  of  circular  polarisation  increases  with  the  concentration 
of  the  liquid,  and  the  thickness  of  the  column  through  which  the 
light  passes.  Hence  circular  polarisation  is  an  important  auxiliary 
in  chemical  analysis.  In  order  to  determine  the  amount  of  polarisa- 
tion which  any  liquid  exhibits,  it  is  nut  into  a  glass  tube  not  less 
than  from  ten  to  twelve  inches  long,  wiiich  is  closed  with  glass  plates. 
This  is  then  placed  between  the  two  Nichol's  prisms,  which  have 
previously  been  so  arranged  with  regard  to  each  other  that  no  light 
eonld  pass  through.  An  ap^eiratus  of  this  description,  the  sac c h ari- 
meter,  is  used  for  determming  the  concentration  of  solutions  of 
cane-sugar. 

The  wrm  of  this  instrument  is  shown  in  fig.  49.  The  two  Nichol's 
prLBms  are  enclosed  in  the  corresponding  fastenings  a  and  b.  Between 
the  two  there  is  a  space  to  receive  the  tube,  which  is  filled  with  the 
solution  of  sugar.  If  the  prisms  are  crossed  in  the  way  above  men- 
tioned before  the  tube  is  put  in  its  place,  that  is,  if  they  are  placed 
np  that  no  light  passes  them,  then,  by  the  action  of  the  solution  of 
sugar,  the  lignt  is  enabled  to  pass,  and  the  Nichol's  prism,  a,  must 
be  turned  through  a  certain  angle  before  the  light  is  again  perfectly 
stopped.    The  magnitude  of  tms  angle  is  observed  on  the  circular 
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disk  8  f,  which  is  divided  into  degrees,  and  upon  which,  l^iythe 
turning  of  the  prism,  an  index  z  is  moved  alonff  tne  division.  When 
the  tube  is  exactly  ten  inches  long,  and  dosed  at  both  ends  by  flat 
glass  plates,  and  when  it  is  filled  with  solution  containing  10  per 


Fig.  49. 
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cent,  by  weight  of  cane-sugar,  and  free  from  any  other  substance 
possessing  an  action  on  light,  the  an^le  of  rotation  for  the  middle 
yellow  ray  is  19-6°.  Now,  the  magmtude  of  this  angle  is  directly 
proportional  to  the  length  of  the  colunm  of  liquid,  and  also  to  the 
quantity  of  sugar  in  solution.  If,  therefore,  a  solution  containing 
z  per  cent,  by  weight  of  sugar  in  a  tube  I  inches  long,  produce  a 
rotation  equal  to  a  degrees,  the  percentage  of  sugar  will  be  given  by 
the  equation — 


whence 
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This  process  is  not  sufficient  when  the  solution  contains  cane-sugar 
and  uncrystallisable  sugar ;  for  the  latter  rotates  the  ray  to  the  left ; 
in  that  case  only  the  duference  of  the  two  actions  is  obtained.  But 
if  the  whole  quantity  of  sugar  be  changed  into  uncrystallisable  sugar, 
and  the  experiment  be  repeated,  then  from  the  results  of  the  two 
observations  the  quantity  of  both  kinds  of  sugar  can  easily  be  cal- 
culated. 

It  IB  difficult  to  find  exactly  that  position  of  the  Nichol's  prisms 
in  which  the  greatest  darkness  prevails.  To  make  the  measure- 
ments more  exact  and  easv,  Soleil  has  made  some  additions  to  the 
apparatus.  At  q,  before  tne  prism  6,  a  plate  of  rock-crystal  cut  at 
right  angles  to  the  axis  is  placed.  It  is  divided  in  the  centre  of 
the  field  of  vision,  haK  consisting  of  quartz  rotating  to  the  right 
hand,  and  half  of  the  variety  which  rotates  to  the  left ;  it  is  0*148 
inch  (3'75  millimeters,)  thick,  this  thickness  being  found  by  experi- 
ment to  produce  the  greatest  difference  in  the  colour  of  the  two 
halves,  when  one  prism  is  slightly  rotated.  The  solution  of  sugar 
has  precisely  the  same  action  on  the  rotation,  since  it  increases 
the  action  oi  the  half  which  has  a  right-handed  rotation,  and  lessens 
the  action  of  the  half  which  rotates  to  the  left.  Hence  the  two 
halves  will  assume  a  different  colour  when  the  smallest  quantity 
of  sugar  is  present  in  the  liquid.    By  slightly  turning  the  Nichol  s 

Srism  a,  this  difference  can  be  again  removed.  Soleil  has  intro- 
aced  another  more  delicate  means  of  effecting  this,  at  the  part  I, 
which  he  calls  the  compensator.  The  most  important  parts  of  this 
are  separately  represented  in  fig.  49.  It  consists  of  two  exactly 
equal  right-angled  prisms,  of  left-handed  quartz,  whose  surfaces, 
c  and  c',  are  cut  perpencUcular  to  the  optic  axis.  These  prisms 
can,  by  means  of  the  screw  v  and  a  rack  and  pinion,  be  made  to 
slide  on  one  another,  so  that,  when  taken  together,  they  form  a 

Slate  of  varving  thickness,  bounded  by  parallel  surfaces.  One  of 
bie  frames  has  a  scale  I,  the  other  a  vermer  n.  When  this  points 
to  zero  of  the  scale,  the  optical  action  of  the  two  prisms  is  exactly 
compensated  by  a  right-handed  plate  of  rock-crystal,  so  that  an 
effect  is  obtained  as  regards  circular  polarisation,  as  if  the  whole 
system  were  not  present.  As  soon,  however,  as  the  screw  is 
moved,  and  thus  the  thickness  of  the  plate  formed  by  the  two 
prisms  is  changed  (we  will  suppose  it  increased),  then  a  left- 
nanded  action  ensues,  which  must  be  properly  regulated,  until 
it  compensates  the  opposite  action  of  a  solution  of  sugar.  Thus 
a  convenient  method  is  obtained  of  rendering  the  colour  of  the 
double  plate  uniform,  when  it  has  ceased  to  be  so  by  the  action  of 
the  sugar. 

Faraday  made  the  remarkable  discovery  that,  if  a  very  strong 
electric  current  be  passed  round  a  substance  which  possesses  the 
property  of  circular  polarisation,  the  amount  of  rotation  is  altered  to 
a  considerable  degree* 
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Heatinq  akd  Chemical  Rats  of  the  Solab  Speotbum. — The 
luminous  rajs  of  the  sun  are  accompanied,  as  already  mentioned, 
by  others  which  possess  heating  powers.  If  the  temperature  of  the 
different-colourea  spaces  in  the  spectrum  be  tried  with  a  delicate 
thermometer,  it  will  be  found  to  increase  from  the  violet  to  the  red 
extremity,  and  when  the  prism  is  of  some  particular  kinds  of  glass, 
the  greatest  effect  will  be  manifested  a  little  beyond  the  visible  red 
rays.  The  position  of  the  greatest  heating  effect  in  the  spectrum 
materially  depends  on  the  absorptive  nature  of  the  glass.  Tiana- 
parent  though  this  medium  is  to  the  rays  of  light,  it  nevertheless 
absorbs  a  considerable  quantity  of  the  heat  rays.  Tranraaient 
rock-salt  is  almost  without  absorptive  action  on  the  thermal  rays, 
fn  the  spectrum  obtained  by  passing  the  solar  rays  through  prisms 
of  rock-salt,  the  greatest  thermal  cSfect  is  found  at  a  position  iar 
beyond  the  last  visible  red  rays.  It  is  infened  from  tnis  that  the 
chief  mass  of  the  heating  rays  of  the  sun  are  among  the  least 
refrangible  components  of  the  solar  beam. 

Agam,  it  has  long  been  known  that  chemical  changes  both  of 
combination  and  of  decomposition,  but  moreparticularly  the  latter, 
can  be  effected  by  the  action  of  light.  Chlorine  and  hydrogen 
combine  at  common  temperatures  only  under  the  influence  of  lignt ; 
and  parallel  cases  occur  m  great  numbers  in  organic  chemistry.  The 
blacKcniug  and  decomposition  of  silver  salts  are  familiar  instances 
of  the  chemical  powers  of  the  same  agent.  Now,  it  is  not  always  the 
luminous  ]xirt  of  the  ray  which  effects  these  changes ;  they  are 
chiefly  produced  by  certain  invisible  rays,  which  accompany  the 
others,  and  are  found  most  abundantly  beyond  the  violet  part  of  the 
spectrum.  It  is  there  thjit  certain  chemical  eftects  are  most  marked, 
although  the  intensity  of  the  light  is  exceedingly  feeble.  These 
chemically  acting  rays  are  sometimes  called  actinic  rays  {aucrlf, 
a  ray),  and  the  cnemical  action  of  sunlight  is  called  actinism ;  but 
these  terms  are  not  very  well  chosen.  The  chemic^  rays  are  thus 
directly  opposed  to  the  heating  rays  in  the  common  spectrum  in 
their  degree  of  refrangil)ility,  since  they  exceed  all  the  others  in 
this  reBjHict.  The  luminous  rays,  too,  under  peculiar  conditions, 
exert  decomposing  powers  upon  silver  salts.  The  result  of  the 
action  of  any  ray  depends,  moreover,  greatly  on  the  physical  state 
of  the  surface  uponwhich  it  falls,  and  on  the  chemical  constitu- 
tion of  the  body;  indeed,  for  every  kind  of  ray  a  substance 
may  l)e  found  which  under  particular  circumstances  will  be 
affected  by  it ;  and  thus  it  appears  that  the  chemical  functions  are 
by  no  means  confined  to  any  set  of  rays  to  the  exclusion  of  the  rest. 

Upon  the  chemical  changes  produced  by  light  is  based  the  art  of 
photography.  In  the  year  1802  ^Ir  Thomas  Wedgwooil  proposed  a 
method  of  copying  paintings  on  glass,  by  placing  behind  tliem  white 
paper  or  leather  moistened  w^itli  a  solution  of  silver  nitrate,  which 
became  decomposed  and  blackened  by  the  transmitted  light  in 
proportion  to  the  intensity  of  the  latter ;  and  Davy,  in  repeating 
these  experiments,  found  tfiat  he  could  thus  obtain  tolerably  accurate 


UOHT.  87 

TepresentationB  of  objects  of  a  texture  partly  opaque  and  partly 
transparent,  such  as  leaves  and  the  wings  of  insects,  and  even  copy 
with  a  certain  degree  of  success  the  images  of  small  objects  obtained 
by  the  solar  microscope.  These  pictures,  however,  required  to  be 
kept  in  the  dark,  and  could  only  be  examined  by  candle-light, 
otherwise  they  became  obliterated  by  the  blackening  of  the  whole 
eorisce,  from  which  the  salt  of  silver  could  not  be  removed.  These 
attempts  at  light-painting  attracted  but  little  notice  till  the  year 
1839,  when  Mr  Fox  Tfdbot  published  his  plan  of  "  photogenic 
drawing."  This  consisted  ia  exposing  in  the  camera  a  paper  soaked 
in  a  weak  solution  of  common  salt,  and  afterwards  washed  over 
with  a  strong  solution  of  nitrate  of  silver ;  the  image  thus  obtained 
was  a  negative  one,  the  lights  being  dark  and  the  shadows  lights 
and  the  pictures  were  fixed,  by  immersion  in  a  solution  of  common 
salt. 

Many  improvements  have  been  made  in  this  process.  In  1841 
Fox  Talbot  patented  the  beautiful  process  known  as  the  "  Talbo- 
type  or  Calotype  process,  in  which  the  paper  is  coated  with  silver 
ioaide  by  dipping  it  first  in  silver  mtrate,  then  in  potassium 
iodide. 

Paper  thus  prepared  is  not  sensitive  per  se  to  the  action  of  light, 
but  may  be  rendered  so  by  washing  it  over  with  a  mixture  of  silrtr 
nitrate  and  gallic  or  acetic  acid.  If  it  be  exposed  to  the  camera  for 
two  or  three  minutes,  it  does  not  receive  a  visible  image  (unless 
the  light  has  been  very  strong)  ;  but  still  the  compound  has  under- 
gone a  certain  change  by  the  influence  of  the  light ;  for  on  subse- 
quently washing  it  over  with  the  mixture  of  silver  nitrate  and  acetic 
or  (^llic  acid,  and  gently  warming  it,  a  negative  image  comes  out 
on  It  with  great  distinctness.  This  image  ib  fixed  by  washing  the 
paper  with  sodium  hyposulphite,  which  removes  the  whole  of  the 
silver  iodide  not  acted  upon  by  the  light,  and  thus  protects  the 
picture  from  further  change  by  exposure  to  light.  Tne  negative 
picture  thus  obtained  is  rendered  transparent  by  placing  it  beti^veen 
two  sheets  of  blotting-paper  saturated  with  white  wax,  and  passing  a 
moderately  heated  smoothing-iron  over  the  whole.  It  may  then 
be  used  for  printing  positive  pictures  by  laying  it  on  a  sheet  of  paper 
prepared  with  chlonde  or  iodide  of  silver  and  exposing  it  to  the 
sun. 

A  most  important  step  in  the  progress  of  photo^phy  is  the  sub- 
stitution of  a  transpcu:«nt  film  of  iodised  collodion  or  albumin 
spread  upon  glass,  for  the  iodised  paper  used  in  Talbot*s  process,  to 
receive  tne  negative  image  in  the  camera.  The  process  is  thus 
rendered  so  much  more  certain  and  rapid,  and  the  positive  pictures 
obtained  by  transferring  the  negative  to  paper  prepared  with 
chloride  or  iodide  of  silver,  are  found  to  be  so  much  sharper  in 
outline  than  when  the  transference  occurs  through  paper,  as  in  the 
talbotype  process,  that  this  method  is  now  universally  employed. 
In  this  process,  as  in  that  of  the  Calotype,  the  image  produced  in 
the  camera  is  a  latent  one,  and  requires  development  witn  substances 
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fiuch  as  pyrogallic  acid,  or  ferrotis  sulpliate,  which,  haviiig  a  tendency 
to  absorb  oxygen,  induce,  in  presence  of  silver  nitrate,  the  reduction 
of  the  chloride  or  io<lide  to  the  metallic  state.  For  a  description  of 
the  best  apparatus  and  latest  processes  used  in  the  collodion  method, 
the  reader  may  consult  Hardwich^s  '' Manual  of  Photographic 
Chemistry." 

Sir  John  Herschel  has  shown  that  a  great  number  of  other  Bub- 
stances  can  be  employed  in  these  photographic  processes  by  taking 
advantage  of  yie  deoxidising  eflfects  of  certain  portions  of  the  solar 
rays.  Paper  washed  with  a  solution  of  ferric  Salt  becomes  capable 
of  receiving  impressions  of  this  kind,  which  may  afterwards  be  made 
evident  by  potassium  ferricyanide,  or  gold  chloride.  Y^table 
colours  are  also  acted  upon  in  a  very  curious  and  apparently  definite 
manner  by  the  different  parts  of  the  spectrum. 

The  daguerreotype^  the  announcement  of  which  was  first  made  in 
the  summer  of  1839,  by  M.  Daguerre,  who  had  been  occupied  with 
this  subject  from  1826,  if  not  earlier,  is  another  remarkable  instance 
of  the  decomposing  effects  of  the  solar  rays.  A  clean  and  highly 
polished  plate  of  suvered  copper  is  exposed  for  a  certain  time  to  tiie 
vapour  of  iodine,  and  then  transported  to  the  camera  obscura.  In 
the  most  improved  state  of  the  process,  a  very  short  time  suffices 
for  effecting  the  necessary  chan^  in  the  film  of  silver  iodide.  The 
picture,  however,  becomes  visible  only  bv  exposing  it  to  the  vapour 
of  mercury,  which  attaches  itself,  in  the  form  of  exceedingly  minute 
globules,  to  those  parts  which  have  been  most  acted  upon,  that  is  to 
say,  to  the  lights,  the  shadows  being  formed  by  the  dark  polish  ol 
the  metallic  plate.  Lastly,  the  plate  is  washed  with  sodium  hypo- 
sulphite, to  remove  the  undecomposed  silver  iodide  and  render  it 
permanent. 

Since  Daguerre's  time  this  process  has  undergone  considerable 
improvements ;  amongst  these,  we  may  mention  the  exposure  of 
the  plate  to  the  vai)our  of  bromine,  oy  which  the  sensitiveness 
of  tne  tilni  is  greatly  increased,  and  the  reduction  of  metallic 
gold  upon  the  surface  of  the  lilm  during  the  process  of  fixing, 
by  which  the  lights  and  shades  of  the  picture  are  rendered  more 
effective. 

Etching  and  lithographic  processes,  by  combined  chemical  and 
photogi-aphic  agency,  promise  to  be  of  considerable  utility.  The 
earliest  is  that  of  Ni^pce :  he  applied  a  bituminous  coating  to  a  metal 
plate,  upon  which  an  engra\dng  was  superimposed.  The  light,  being 
thus  jwirtially  interrupted,  acted  unequally  upon  the  vaniish;  a 
liquicl  hydro-carbon,  'petroleum,  used  as  a  solvent,  remove<i  the 
bitumen  wherever  the  light  had  not  acted ;  an  engraving  acid  could 
now  bite  the  unprotected  metal,  which  could  eventually  be  printed 
from  in  the  usual  way.  Very  successful  results  have  also  been 
obtained  by  M.  Fizeau,  who  submits  the  daguerreotype  to  the  action 
of  a  mixture  of  dilute  nitric  acid,  common  salt,  and  potassium 
nitrate,  when  the  silver  only  is  attacked,  the  mercurialised  portion 
of  the  image  resisting  the  acid ;  an  etching  is  thus  obtained  following 
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minutely  the  lights  and  shadows  of  the  picture.  To  deepen  this 
etching,  the  silver  chloride  formed  is  removed  by  ammonia,  tne  plate 
is  boiled  in  caustic  potash  and  again  treated  with  acid,  and  so  on  till 
the  etching  is  of  sufficient  depth.  Sometimes  electro-gilding  is 
resorted  to,  and  an  engraving  acid  is  used  to  get  still  more  powerful 
impressions. 

Among  recent  results  are  those  obtained  bv  Mr  Talbot  on  steel 
plates :  he  uses  a  mixture  of  potassium  bicnromate  and  gelatin, 
which  hardens  by  exposure  to  the  light ;  the  parts  ^not  affected  are 
removed  by  washing.  Platinum  tetrachloride  is  used  as  an  etching 
liijuid  :  it  has  the  advantage  of  biting  with  greater  regularity  than 
nitric  acid. 

The  bitumen  process  of  M.  Ni^pce  has  been  applied  to  lithographic 
stone ;  and  positives  obtained  from  negative  talbotypes  have  been 

rted  off  by  a  modification  of  the  ordinary  lithographic  process. 
Ni^pce  finds  that  ether  dissolves  the  altered  bitumen,  while 
naphtha,  or  benzol,  attacks  by  preference  the  bitumen  in  its  normal 
condition. 


MAQNETISM. 

A  PABTICULAB  species  of  iron  ore  has  long  been  remarkable  for 
its  property  of  atUacting  small  pieces  of  iron,  and  causing  them  to 
adhere  to  its  surface  ;  it  is  called  loadstone,  or  magnetic  iron  ore. 

If  a  piece  of  this  loadstone  be  carefullv  examined,  it  will  be  found 
that  the  attractive  force  for  particles  of  iron  is  greatest  at  certain 
particular  points  of  its  surface,  while  elsewhere  it  is  much  dimi- 
nished, or  even  altogether  absent.  These  attractive  points  are  deno- 
minated poles,  and  the  loadstone  itself  is  said  to  be  endowed  with 
magnetic  polarity. 

u  one  of  the  pole-surfeices  of  a  natural  loadstone  be  rubbed  in  a 
particular  manner  over  a  bar  of  steel,  its  characteristic  properties  will 
De  communicated  to  the  bar,  which  will  then  be  found  to  attract  iron- 
filings  like  the  loadstone  itself.  Further,  the  attractive  force  will 
appear  to  be  greatest  at  two  points  situated  very  near  the  extremities 
d  the  bar,  and  least  of  all  towards  the  middle.  The  bar  of  steel  so 
treated  is  said  to  be  magnetised,  or  to  constitute  an  artificial  magnet. 

When  a  magnetised  bar  or  natural  magnet  is  suspended  at  its 
centre  in  any  convenient  manner,  so  as  to  be  free  to  move  in  a  hori- 
zontal plane,  it  is  always  found  to  assume  a  particular  direction 
with  regard  to  the  earth,  one  end  pointing  nearly  north,  and  the 
other  nearly  south.  This  direction  varies  with  the  geographical 
position  of  the  place,  and  is  different  also  at  the  same  place  at  differ- 
ent times.  In  London,  at  the  present  time,  the  needle  points  19°  32^ 
west  of  the  astronomical  north.  If  the  bar  be  moved  from  this  posi- 
tion, it  will  tend  to  reassume  it,  and,  after  a  few  oscillations,  settle 
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at  rest  as  before.  The  ]^le  wliich  points  towaidB  the  afltranomical 
north  is  usually  distinguiBhed  as  the  north  pole  of  the  bar,  and  that 
which  points  southward  as  the  south  pole. 

A  magnet,  either  natural  or  artificial,  of  symmetrical  foim, 
suspend^  in  the  presence  of  a  second  magnet,  serves  to  exhibit 
certain  phenomena  of  attraction  and  repulsion  which  deserve 
particukur  attention.  When  a  north  pole  is  presented  to  a  south 
pole,  or  a  south  pole  to  a  north,  attraction  ensues  between  them ; 
the  ends  of  the  bars  approach  each  other,  and,  if  permitted,  adhere 
with  considerable  force ;  when,  on  the  other  hand,  a  north  pole 
is  brought  near  a  second  north  pole,  or  a  south  pole  near  another 
south  pole,  mutual  repulsion  is  observed,  and  the  ends  of  the 
bars  recede  from  each  other  as  &r  as  possible.  Pole$  of  an  oppoeiU 
name  attract,  and  poles  of  a  iimilar  name  repel  each  other.  Thus,  a 
small  bar  or  needle  of  steel,  properly  magnetised  and  suspended, 
and  having  its  poles  marked,  becomes  an  infltrument  fitted  not 
only  to  discover  the  existence  of  magnetic  power  in  other  bodies, 
but  to  estimate  the  kind  of  polarity  affected  by  their  different  parts. 
A  piece  of  soft  iron  brougnt  into  the  neighbourhood  of  a  masnet 
acquires  itself  magnetic  properties :  the  intensity  of  the  power  uius 
conferred  depends  upon  that  of  the  magnet,  and  upon  the  space 
which  divides  the  two,  becoming  greater  as  that  space  decreases, 
and  greatest  of  all  in  actual  contact  The  iron,  under  these  circum- 
stances, is  said  to  be  ma^etised  by  induction  or  infiuence,  and 
the  effect,  which  reaches  its  maximum  in  an  instant,  is  at  once 
destroyed  by  removing  the  magnet 

When  steel  is  substituted  for  iron  in  this  experiment,  the  in- 
ductive action  is  hardly  perceptible  at  first,  and  becomes  manifest 
only  after  the  lapse  of  a  certain  time :   in  this  condition,  when 

the  steel  bar  is  removed  from  the 
magnet,  it  retains  a  portion  of  the 
induced  polarity.  It  becomes,  in- 
deed, a  permanent  magnet,  similar 
to  the  first,  and  retains  its  peculiar 
properties  for  an  indefinite  time. 
This  resistance  which  steel  always 
offers  in  a  greater  or  less  degree 
both  to  the  development  of  mag- 
netism and  to  its  subsequent  de- 
struction, is  called  specific  coercive 
power. 

The  rule  which  regulates  the  in- 
duction of  magnetic  polaritv  in  all 
cases  is  exceedingly  simple,  and 
most  important  to  be  remembered. 
The  pole  produced  is  always  of  the 
opposite  name  to  that  which  pro- 
duced it,  a  north  pole  developing 
south  polarity,  and  a  south  pole  north  polarity.    The  north  pole  of 
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the  magnet  figured  in  the  sketch  induces  south  polarity  in  all  the 
nearer  extremities  of  the  pieces  of  iron  or  steel  which  surround  it,  and 
a  state  similar  to  its  own  in  all  the  more  remote  extremities.  The  iron 
thus  magnetised  is  capable  of  exerting  a  similar  inductive  action  on 
a  second  piece,  and  that  upon  a  thim,  and  so  to  a  great  number, 
the  intensity  of  the  force  diminishing  as  the  distance  from  the  per- 
manent magnet  increases.  It  is  in  this  way  that  a  magnet  is 
enabled  to  hold  up  a  number  of  small  pieces  of  iron,  or  a  bunch 
of  filings,  each  separate  piece  becoming  mr  the  time  a  magnet  by 
induction. 

Magnetic  polarity,  similar  in  d^ree  to  that  which  iron  presents, 
has  been  found  only  in  some  of  tne  compounds  of  iron,  in  nickel, 
and  in  cobalt. 

Magnetic  attractions  and  repulsions  are  not  in  the  slightest  de- 
gree interfered  with  bythe  interposition  of  substances  destitute  of 
magnetic  properties.  Thick  plates  of  glass,  shellac,  metals,  wood, 
or  of  any  substances  except  those  above  mentioned,  may  be  placed 
between  a  magnet  and  a  suspended  needle,  or  a  piece  of  iron 
under  its  influence,  the  distance  being  preserved,  without  the 
least  perceptible  alteration  in  its  attractive  power,  or  force  of 
induction. 

One  kind  of  polarity  cannot  be  exhibited  without  the  other.  In 
other  words,  a  magnetic  pole  cannot  be  isolated.  If  a  magnetised 
bar  of  steel  be  broken  at  its  neutral  point,  or  in  the  middle,  each  of 
the  broken  ends  acquires  an  opposite  pole,  so  that  both  portions 
of  the  bar  become  perfect  magnets;  and,  if  the  division  be  carried 
still  further,  if  the  bar  be  broken  into  a  hundred  pieces,  each  frag- 
ment will  be  a  complete  magnet,  having  its  own  north  and  soutn 
poles. 

This  experiment  serves  to  show  very  clearly  that  the  apparent 
polarity  oi  the  bar  is  the  consequence  of  the  polarity  of  each  indi- 
vidual particle,  the  poles  of  the  bar  being  merely  points  through 
which  the  resultants  of  all  these  forces  pass;  the  largest  magnet 
is  made  up  of  an  immense  number  of  little  magnets  regularly 
arranged  aide  by  side,  all  having  their  north  poles  looking  one  way, 
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and  their  south  poles  the  other.  The  middle  portion  of  such  a 
system  cannot  possibly  exhibit  attractive  or  repulsive  effects  on  an 
external  body,  because  each  pole  is  in  close  juxtaposition  with  one 
of  an  opposite  name  and  of  equal  power.  Hence  tneir  forces  will  be 
exerted:  m  opposite  directions,  and  neutralise  each  other's  influ- 
ence. Such  will  not  be  the  case  at  the  extremities  of  the  bar;  there 
uncompensated  polarity  will  be  found,  capable  of  exerting  its  specific 
power. 
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This  idea  of  r^folar  polarisation  of  jmrtides  of  matter  in  virtue 
of  a  pair  of  opposite  and  equal  forces,  is  not  confined  to  magnetic 
phenomena ;  it  is  the  leading  principle  in  electrical  science,  and  is 
constantly  reproduced  in  some  fonn  or  other  in  every  discoflsion 
involving  the  consideration  of  molecular  forces. 

Artificial  steel  magnets  are  made  in  a  great  variety  of  forms; 
such  as  small  light  needles,  mounted  with  an  a^te  cap  for  sus- 
pensioQ  upon  a  fine  point ;  straight  hars  of  vanous  kinds ;  bars 
curved  into  the  shape  of  a  horse-snoe,  &c  All  these  have  regular 
polarity  communicated  to  them  by  certain  processes  of  rubhing  or 
touching  with  another  magnet,  which  require  care,  but  are  not 
otherwise  difficult  of  execution.  When  great  power  is  wished 
for,  a  number  of  bars  may  be  screwed  together,  with  their  similar 
euds  in  contact,  and  in  this  wa^  it  is  easy  to  construct  permanent 
steel  magnets  capable  of  sustaining  great  weights.  To  prevent 
the  gradual  destruction  of  magnetic  force,  which  would  otnerwise 
occur,  it  is  usual  to  arm  eacn  pole  with  a  piece  of  soft  iron  or 
keeper,  which,  becoming  magnetised  by  induction,  serves  to  sus- 
tain the  polarity  of  the  bar,  and  in  some  cases  even  increases  its 
energy. 

Magnetism  is  not  peculiar  to  these  substances  which  have  more 
especially  been  called  magnetic,  such  as  iron,  nickel,  cobalt,  but 
it  is  the  property  of  all  metals,  though  to  a  much  smaller  degree. 
Very  powerful  magnets  are  required  to  show  this  remarkable  fact. 
Large  horse-shoe  magnets,  made  by  the  action  of  the  electric  current, 
are  best  adapted  for  the  purpose.  The  magnetic  action  on  different 
substances  which  are  cai)able  of  being  easily  moved,  differs  not  only 
according  to  the  size,  but  also  according  to  the  nature  of  the  sub- 
stance. In  con8e(iuence  of  this,  Faraday  divides  all  bodies  into  two 
classes.  He  calls  the  one  magnetic,  or^  hettcT,  paramagnetic,  and  the 
other  diamagiutic. 

The  matter  of  which  a  paramagnetic  (magnetic)  bodv  consists  is 
attracted  by  both  poles  of  the  horse-shoe  magnet ;  on  the  contrary, 
the  matter  of  a  diamagnetic  body  is  repellea  When  a  small  iron 
bar  is  himg  by  untwisted  silk  between  the  poles  of  the  mafi;net,  so 
that  its  long  diameter  can  easily  move  in  a  horizontal  plane,  it 
arranges  itself  axially,  that  is,  parallel  to  the  straight  line  whidi 
joins  the  poles,  or  to  the  magnetic  axis  of  the  poles,  assuming  at 
the  end  which  is  nearest  the  north  pole,  a  soutn  pole,  and  at  the 
end  nearest  the  south  pole,  a  north  pole.  Whenever  the  little  bar 
is  removed  from  this  position,  it  returns,  after  a  few  oscillations, 
to  its  previous  position.  The  whole  class  of  paramagnetic  bodies 
behave  in  a  precisely  similar  way  under  similar  circumstances, 
but  in  the  intensity  of  the  effects  great  differences  occur. 

Diamagnetic  bodies,  on  the  contrary,  have  their  long  diameters 
placed  equatorially,  that  is,  at  right  angles  to  the  magnetic  axis. 
They  behave  as  if  at  the  end  opposite  to  each  pole  of  the  magnet 
the  same  kind  of  polaritv  existea. 

In  the  first  class  of  substances,  besides  iron,  which  is  the  best 
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representative  of  the  class,  we  liave  nickel,  cobalt,  manganese,  chro- 
mium, cerium,  titanium,  palladium,  platinum,  osmium,  aluminium, 
oxygen,  and  also  most  of  the  compounds  of  these  bodies,  most  of 
them,  even  when  in  solution.  According  to  Faraday,  the  following 
substances  are  also  feebly  paramagnetic  (magnetic), — paper,  sealing- 
wax,  Indian-ink,  procelain,  asbestos,  fluor-spar,  minium,  cinnabar, 
binoxide  of  lead,  sulphate  of  zinc,  tourmalme,  graphite,  and  char- 
ooaL 

In  the  second  class  are  placed  bismuth,  antimony,  zinc,  tin,  cad- 
mium, sodium,  mercury,  lead,  silver,  copper,  ^old,  arsenic,  uranium, 
rhodium,  iridium,  tunesten,  phosphorus,  iodme,  sulphur,  chlorine, 
hydrogen,  and  many  of  their  compounds.  Also,  ^lassfree  from  iron, 
water^  alcohol,  ether,  nitric  acid,  nydrochloric  acid,  resin,  wax,  olive 
oil,  oil  of  turpentine,  caoutchouc,  sugar,  starch,  gum,  and  wood. 
These  are  diamagnetic 

When  diamagnetic  and  paramagnetic  bodies  are  combined,  their 
peculiar  properties  are  more  or  less  neutralised.  In  most  of  these 
compounds,  occasionally  in  con8e<][uence  of  the  presence  of  a  very 
small  quantity  of  iron,  the  peculiar  magnetic  power  remains  more 
OT  less  in  excess.  Thus  green  bottle-glass,  and  many  varieties 
of  crown  glass,  are  magnetic  in  consequence  of  the  iron  they  con- 
tain. 

In  Older  to  examine  the  magnetic  properties  of  liquids,  they  are 
placed  in  very  thin  glass  tubes,  the  ends  of  which  are  then  closed 
by  melting ;  they  are  then  hung  horizontally  between  the  poles  of 
the  magnet.  Under  the  influence  of  poles  sufl&ciently  powerful, 
they  b^in  to  swing,  and  according  as  the  fluid  contents  are  para- 
ma^etic  (magneti^  or  diamagnetic,  they  assume  an  axial  or  equa- 
tonal  position. 

Faraday  has  tried  the  magnetic  condition  of  gases  in  different 
ways.  One  ibethod  consisted  in  making  soap-bubbles  with  the 
gas  which  he  wished  to  investigate,  and  bringing  these  near  the 
poles.  Soap  and  water  alone  is  feebly  diamagnetic.  A  bubble 
filled  with  oxygen  was  strongly  attracted  by  the  magnet  All 
other  gases  in  the  air  are  diamagnetic,  that  is,  they  are  repelled. 
But,  as  Faraday  has  shown,  in  a  diflerent  way,  this  partly  arises 
from  the  paramagnetic  (magnetic)  property  of  the  air.  Thus  he 
found  that  nitrogen,  when  uiis  differential  action  was  eliminated, 
was  perfectly  indifferent,  whether  it  was  condensed  or  rarefied, 
whetner  cooled  or  heated.  When  the  temperature  is  raised,  the 
diamagnetic  property  of  gases  in  the  air  is  increased.  Hence  the 
fiiame  of  a  candle  or  of  hydrogen  is  strongly  repelled  by  the  magnet* 
Even  wann  air  is  diamagnetic  in  cold  air. 

For  some  time  it  had  been  believed  that  crystallised  bodies 
exhibited  a  special  and  peculiar  behaviour  when  placed  between 
the  poles  of  a  magnet  It  appeared  as  though  the  magnetic  directing 
power  of  the  crystal  had  some  peculiar  relation  to  the  position  of  its 
optic  axis;  so  that^  independently  of  the  magnetic  property  of  the 
sabstanoe  of  the  ciysta^  if  the  crystal  were  positively  optical,  it 
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possessed  the  power  of  placinff  its  optic  axis  tNunllel  with  the  line 
which  joined  the  poles  of  tne  magnet,  while  opticaUy  negatiye 
crystals  tried  to  arrange  their  axis  at  right  angles  to  this  line.  This 
supposition  is  disproved  by  the  excellent  investigation  of  Tyndall 
and  Knoblauch,  who  showed  that  exceptions  to  the  above  law  aie 
furnished  by  all  classes  of  ciystals,  and  proved  that  the  action, 
instead  of  being  independent  of  the  magnetic  nature  of  the  mam,  was 
completely  reversed  where,  in  isomorphous  crystals,  a  magnetic 
constituent  was  sul)stituted  for  a  diamagnetic  one.  Rejectii^  the 
various  new  forces  assumed,  Tyndall  and  Knoblauch  merred  the 
observed  phenomena  to  the  modification  of  the  magnetic  force  by 
structure,  and  they  imitated  the  effects  exactly  by  means  of  sub- 
Rtauces  whose  structure  had  been  modified  by  compression.  In 
a  later  investigation  Tyndall  demonstrated  the  fundamental  principle 
on  which  these  phenomena  depend,  showing  that  the  entin  mau 
of  a  magnetic  body  is  most  strongly  attracted  when  the  attract- 
ing force  acts  parallel  to  the  line  of  compression;  and  that  a 
diamagnetic  substance  is  most  strongly  repelled  when  the  repulsion 
acts  alon^  the  same  line.  Hence  when  such  a  body  is  freely 
suspended  in  the  magnetic  field,  the  line  of  compression  must  set 
axial ly  or  equatorially,  according  as  the  mass  is  magnetic  or  dia- 
majjnetic.  raraday  was  the  first  to  establish  a  differential  action 
of  this  kind  in  the  case  of  bismuth ;  Tyndall  extended  it  to  several 
magnetic  and  diamajj;netic  crystals,  and  showed  that  it  was  not 
confined  to  them,  but  was  a  general  property  of  matter.  It  was 
also  i)roved  that  for  a  fixed  distance  the  attraction  of  a  magnetic 
sphere,  and  the  repulsion  of  a  diamagnetic  sphere,  followed  pre- 
cisely the  same  law,  both  being  exactly  proportioned  to  the  square 
of  the  exciting  current. 

The  phenomena  of  diamagnetism  naturally  suggest  the  inquiry, 
whether  the  repulsion  exerted  by  a  magnetic  pole  on  diamagnetic 
bodies  is  a  force  distinct  from  that  of  magnetism  as  exerted  upon 
iron  and  other  bodies  of  the  magnetic  class ;  or  whether,  on  the 
other  hand,  the  magnetic  and  diamagnetic  conditions  of  matter 
are  merely  rehitive,  so  that  all  bodies  are  magnetic  in  different 
degrees,  and  the  apparent  repulsion  of  a  diamagnetic  boily,  such 
as  bisnmth,  is  merely  the  result  of  its  l)eing  attracted  by  the 
magnet  less  than  the  particles  of  the  surrounding  medium,  just  as 
a  balloon  recedes  from  the  earth  because  its  weight  is  less  than 
that  of  an  equal  bulk  of  the  surrounding  air.  It  is  easy  to  show 
that  the  same  body  may  appear  magnetic  or  diamagnetic,  according 
to  the  medium  in  which  it  is  placed.  Femms  sulphate  is  a 
magnetic  substance,  and  water  is  diamagnetic :  hence  it  is  possible, 
by  varying  the  strength  of  an  aqueous  solution  of  this  salt,  to  make 
it*  either  magnetic,  indifferent,  or  diamagnetic,  when  suspended  in 
air.  Again,  a  tube  containing  a  solution  of  ferrous  sulphate  sus- 
pended horizontally  within  a  jar  also  filled  with  a  solution  of  the 
same  salt,  and  placed  between  the  poles  of  two  powerful  electro- 
magnets, will  place  itself  axially  or  equatorially,  according  as  the 
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solution  contained  in  it  is  stronger  or  weaker  than  that  in  the  jar. 
In  the  same  manner,  then,  we  may  conceive  that  bismuth  places 
itself  ec^natorially  between  two  magnetic  poles,  because  it  is  less 
magnetic  than  the  surrounding  air.  But  the  diamagnetism  of 
bismuth  and  other  bodies  of  the  same  class  shows  itself  in  a  vacuimi 
as  well  as  in  air :  hence,  if  diamagnetism  is  not  to  be  regarded  as  a 
distinct  force,  we  must  suppose  that  the  ether  is  also  magnetic,  and 
occupies  in  the  magnetic  scale  the  place  intermediate  between 
xnagnetic  and  diamagnetic  bodies. 

That  a  body  suspended  in  a  medium  of  greater  magnetic  sus- 
ceptibility than  itself  will  recede  from  a  magnetic  pole  in  its 
neighbourhood,  in  consequence  of  the  greater  force  with  which  the 
particles  of  the  medium  are  impelled  towards  the  magnet,  is  so 
obvious  a  consequence  of  mechanical  laws,  that  we  can  scarcely 
avoid  attributing  the  movements  of  diamagnetic  bodies  to  the  cause 
just  mentioned ;  at  least,  when  the  body  is  suspended  in  air  or  other 
magnetic  gas.  There  is,  however,  some  difficulty  in  reconciling 
the  above-described  phenomena  of  compressed  and  crystallised 
bodies  with  this  view ;  and,  moreover,  Tyndall  has  shown,  by  a 
method  which  we  cannot  here  describe,*  that  diamagnetic  bodies 
possess  opposite  poles,  analogous  to  those  of  magnetic  bodies,  each 
of  these  poles  bein^  attracted  by  one  pole  of  a  magnet,  and  repelled 
by  the  other.  This  polaritv  shows  decidedly  that  the  properties  of 
diamagnetic  bodies  cannot  be  wholly  due  to  the  differential  action 
above  mentioned;  for  if  they  were,  every  part  of  a  diamagnetic 
body  would  be  repelled  by  either  pole  of  a  magnet.  Diamag- 
netism must  therefore,  for  the  present  at  least,  be  r^arded  as  a 
force  distinct  from  magnetism. 

*  Phil.  Trans.,  1855  and  1856 ;  see  also  Watts's  Dictionary  of  ChemiBtry, 
▼oL  iU.  p.  776. 
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When  glass,  amber,  or  sealing-wax  is  nibbed  with  a  dry  doUi,  it 
acquires  the  power  of  attracting  light  bodies,  as  feathers,  dust,  or 
bits  of  paper ;  this  is  the  result  of  a  new  and  peculiar  condition  of 
the  body  rubbed,  called  electrical  excitation. 

If  a  light  downy  feather  be  suspended  by  a  thread  of  white  silk, 
and  a  dSj  glass  tube,  excited  by  rubbins,  be  presented  to  it,  the 
featber  will  be  strongly  attracted  to  the  tube,  adhere  to  its  surface  for 
a  few  seconds,  and  uien  fall  o£El  If  the  tube  be  now  excited  anew, 
and  presented  to  the  feather,  the  latter  will  be  strongly  repelled. 

The  same  experiment  may  be  repeated  with  shellac  or  resin; 
the  feather  in  its  ordinaiy  state  will  oe  drawn  towards  the  excited 
body,  and,  after  touching,  again  driven  from  it  with  a  certain  degree 
of  force. 

Now,  let  the  feather  be  brought  into  contact  with  the  excited 
glass,  so  as  to  be  repelled  by  uiat  substance,  and  let  a  piece  of 
excited  sealing-wax  be  presented  to  it :  a  d^;ree  of  attraction  will  be 
observed  far  exceeding  that  exhibited  when  the  feather  is  in  its 
ordinary  state.  Or,  again,  let  the  feather  be  made  repulsive  for 
sealing-wax,  and  then  the  excited  glass  be  presented :  strong  attrac- 
tion will  ensue. 

The  reader  will  at  once  see  the  perfect  parallelism  between  the 
eflfects  described  and  some  of  the  phenomena  of  magnetism,  the 
electrical  excitement  having  a  twofold  nature,  like  the  opposite 
polarities  of  the  magnet.  A  body  to  which  one  kind  of  excitement 
nas  been  communicated  is  attracted  by  another  body  in  the  oppo- 
site state,  and  repelled  by  one  in  the  same  state ;  the  excited  glass 
and  resin  being  to  each  other  as  the  north  and  south  poles  of  a 
pair  of  magnetised  bars. 

To  distinguish  these  two  different  forms  of  excitement,  terms  are 
employed  which,  although  originating  in  some  measure  in  theo- 
retical views  of  the  nature  of  the  electrical  disturbance,  may  be 
understood  by  the  student  as  purely  arbitrary  and  distinctive :  it  is 
customary  to  call  the  electricity  manifested  by  glass  rubbed  with  silk 
positive  or  vitreotLSy  and  that  developed  in  the  case  of  shellac,  and 
Dodies  of  the  same  class  nibbed  with  flannel,  ntgative  or  resinous. 
The  kind  of  electricity  depends  in  some  measure  upon  the  nature 
of  the  surface  and  the  ouahty  of  the  rubber ;  smooth  and  perfectly 
clean  glass,  rubbed  witn  silk,  becomes  positive,  but  when  ground  or 
roughened  by  sand  or  emery,  it  acq^iiires,  under  the  same  circum- 
stances, a  negative  charge.  Glass  dned  over  a  gas  flame  and  rubbed 
with  wool  is  generally  also  negative;  when  dried  over  a  fire  of 
wood-charcoal  it  remains  positive. 

The  repulsion  shown  by  bodies  in  the  same  electrical  state  is 
taken  advantage  of  to  construct  instruments  for  indicating  electrical 
excitement  and  pointing  out  its  kind.    Two  balls  of  dder  pithy 
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pended  to  a  metal  rod  having  a  bresa  plate  on  its  upper  end  <;on- 
stitute  a  much  more  delicate  amngenient,  and  one  of  great  value  in 
all  electrical  investigations.  The  rod  should  be  covered  with  a  thick 
coating  of  shellac,  and  it  must  be  fastened  by  means  of  a  cork,  air- 
tight, mto  a  glass  flask.  The  flask  must  have  been  perfectly  dried 
previously  by  warming  it.  These  instruments  are  called  electro- 
ecopee  oi  electrometers:  when  excited  by  the  communication  of  a 
known  kind  of  electricity,  they  show,  by  an  increased  or  diminished 
divergence,  the  state  of  an  electaitied  body  brought  into  their  neigh- 
boorhflod  (fig.  03). 

One  kind  of  electricity  can  no  more  be  developed  without  the 
other  than  one  kind  of  magnetism ;  the  rubber  and  the  body  mbbed 
always  assume  opposite  states,  and  the  positive  condition  on  the 
surface  of  a  raaes  of  matter  is  invariably  accompanied  by  a  negative 
•tote  in  all  surroonding  bodies. 

t\g.H. 
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The  induction  of  magnetism  in  soft  iron  has  its  exact  counter- 
part in  electricity:  a  body  already  electrified  disturbs  or  polarises 
the  particles  of  all  surrounding  substanceK  in  the  same  manner  and 
accotding  to  the  same  law,  inducing  a  state  opposite  to  its  own  in 
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the  nearer  portions,  and  a  similar  state  in  the  more  remote  parts 
A  series  of  globes  suspended  by  silk  threads,  in  the  manner  repre- 
sented in  fig.  54,  will  each  become  electric  by  induction  when  a 
charged  body  is  brought  near  the  end  of  the  series,  like  so  many 
pieces  of  iron  in  the  vicinity  of  a  magnet,  the  positive  half  of  each 
globe  looking  in  one  and  the  same  direction,  and  the  negative  half 
in  the  opposite  one.  The  positive  and  negative  signs  are  intended 
to  represent  the  opposite  states. 

The  intensity  ot  the  induced  electrical  disturbance  diminishes 
with  the  distance  from  the  charged  body;  if  this  be  removed  or 
discharged,  all  the  effects  cease  at  once. 

So  far,  the  greatest  resemblance  may  be  traced  between  these  two 
sets  of  phenomena ;  but  here  it  seems  in  great  measure  to  cease.  The 
magnetic  polarity  of  a  piece  of  steel  can  awaken  polarity  in  a  second 
piece  in  contact  with  it  by  the  act  of  induction,  and  in  so  doing  loses 
nothing  whatever  of  its  power :  this  is  an  effect  completely  different 
from  tne  apparent  transfer  or  discharge  of  electricity  constantly 
witnessed,  which  in  the  air  and  in  liquids  oft^n  gives  rise  to  the 
appearance  of  a  bright  spark  of  fire.  Indeed  ordinary  magnetic 
effects  comprise  two  groups  of  phenomena  only,  those,  namely,  of 
attraction  and  repulsion,  and  those  of  induction.  But  in  electricity, 
in  addition  to  phenomena  very  closely  resembling  these,  we  have 
the  effects  of  discharge,  to  wliich  there  is  nothing  analogous  in 
magnetism,  and  which  tiikes  place  in  an  instant  when  any  electrified 
body  is  put  in  communication  with  the  earth  by  any  one  of  the  chtss 
of  substances  called  conductors  of  electricity,  all  signs  of  electrical 
disturbance  then  ceasing. 

These  conductors  of  electricity,  which  thus  permit  discharge  to 
take  place  through  their  mass,  are  contrasted  with  another  class  of 
substances  called  non-conductors  or  insulators.  The  difference, 
however,  is  only  one  of  degree,  not  of  kind ;  the  very  best  con- 
ductors offer  a  certain  resistance  to  the  electrical  discharge,  and  the 
most  perfect  insidators  ])ennit  it  to  a  small  extent.  The  metals 
are  by  far  the  best  conductors  ;  glass,  silk,  shellac,  and  ikvy  gas,  or 
vapour  of  any  sort,  the  very  woi-st  ;  and  between  these  there  are 
bodies  of  all  degrees  of  conducting  power. 

In  good  conductors  of  sufficient  size  electrical  discharges  take  plac« 
silently  and  without  disturbance.  But  if  the  charge  be  verv  intense, 
and  the  conductor  very  small,  or  imperfect  from  its  nature,  it  is  often 
destroyed  with  violence. 

When  a  break  is  made  in  a  conductor  employed  in  effecting  the 
discharge  of  a  highly  excited  body,  disruptive  or  spark-discharge 
takes  place  across  the  inter\'ening  air,  provided  the  ends  of  the 
conductor  be  not  too  distant.  The  electrical  spark  itself  pre- 
sents many  points  of  interest  in  the  modifications  to  which  it  is 
liable. 

The  time  of  transit  of  the  electrical  wave  through  a  chain  ot 
good  conducting  bodies  of  great  length  is  so  minute  as  to  be  alto- 
gether inappreciable  to  ordinary  means  of  obser\'ation.    Professor 
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fVhestatone'B  very  ingenioas  experimenta  on  the  eabject  give,  in 
the  instance  of  motion  through  a  copper  wire,  a  velocity  aurpaasing 
that  of  light. 

Electiical  eicitalion  ia  manifested  only  upon  the  surfaces  of 
conductors,  or-  those  portions  directed  towards  other  objects  capable 
of  aaauming  the  opposite  state.  An  insulated  halt  charged  with 
poaitive  electricity,  and  placed  in  the  centre  of  the  room,  is  main- 
tained iu  that  state  by  the  inductive  action  of  the  walls  of  the 
wmrtment,  which  immediately  become  negatively  electrified;  in 
the  interior  of  the  ball  there  is  absolutely  no  electricity  to  be  found, 
although  it  may  be  constructed  of  open  metal  gauze,  with  nteshes 
half  an  inch  wide.  Even  on  the  surface  the  distribution  of  electrical 
force  ia  not  always  the  same  ;  it  depends  upon  the  tipire  of  the 
body  itself,  and  its  position  with  regard  to  surrounding  objects. 
The  polarity  ia  always  highest  in  the  projecting  extremities  of  the 
same  conducting  moss,  and  greatest  of  all  when  these  are  attenuated 
to  points  ;  in  which  case  the  inequality  becomes  so  jireat  that 
discharge  takes  place  to  the  air,  and  the  excited  condition  cannot 
be  maintained. 

By  the  aid  of  these  principles,  the  construction  and  use  of  the 
GOmiiion  electrical  machinej  and  other  pieces  of  apparatus  of  great 
utility,  will  become  intelligible. 


position,  and  provi^eJ  uith  a  handle  or  winch  by  which  it  maj^  be 
turned.  A  leather  cushion  is  made  to  press  by  a  spring  asainst 
one  aide  of  tiie  cylinder,  while  a  large  metal  conducting  oody, 


armed  with  *  number  of  point*  next  tlie  etui,  oecnpiei  the  other ; 
both  cushion  and  conductor  are  insulated  bj  gloM  enpporte,  and 
to  ttie  upper  edge  of  the  former  A  piece  of  bIIk  is  attached  Ioda 
enough  to  reach  half  round  the  c^inder.  Upon  the  cnshion  is 
spread  a  qnantitj  of  soft  amj-lgam  of  tin,  imc,  and  nteteniy,* 
mixed  np  with  a  little  grease  :  this  substance  is  found  hy  expe- 
rience to  excite  rUss  most  powoifull^.  The  cylinder,  •■  it  tmiu^ 
becomes  chargea  bj  friction  against  the  rubber,  and  m  qnieklj 
discharged  bj  the  row  of  points  attached  to  the  gnat  conooctor ; 
and  as  the  latter  is  also  comjdetelj^  insulated,  ita  snrbee  epeedi^ 
acquires  a  charge  of  podtiTe  electricity,  which  may  be  commom- 
catod  by  contact  to  other  insulated  bodies.  The  niariiniitff  effect  is 
produced  when  the  rubber  is  connected  by  a  chain  or  wire  widt 
the  earth.  If  nt^atiTe  electricity  be  wanted,  the  rubber  mmt  be 
insulated  and  the  condnctor  discharged. 


Another  form  of  the  elertrical  machine  consists  of  a  circular 
plate  of  ([lasa  (fig.  56)  mining  ujwn  an  axis,  and  provided  with  two 
pairs  of  cushions  or  rubl>ers,  attached  to  the  upper  and  lower  parts 
of  the  wooden  frame,  covered  with  amalgam,  lietween  which  the 
plate  moves  with  coiipiderable  friction.  An  insulated  conductor, 
aimed  as  before  with  points,  discburges  the  plate  aa  it  turns,  the 
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nihber  being  at  the  Mine  time  connected  with  the  gioand  b}r  the 
wood-work  of  the  machine,  oi  by  a  strip  of  metal.  This  form  of 
the  AppuatUH  is  preferred  in  all  casea  where  conaidenble  power  is 
wanted. 

In  the  management  of  electrical  apparatoa,  great  cok  muit  be 
taken  to  prevent  deposition  of  moisture  from  the  air  upon  the  aurfkce 
of  the  glsBB  snpportB,  which  should  always  be  vamiebed  with  fine 
lac  dissolved  in  alcohol;  the  slightest  film  of  water  is  sufficient  to 
deatrov  the  power  of  ineulation.  The  rubbers  also  must  be  care- 
Irilly  dried,  and,  like  the  plate,  cleansed  from  adhering  dust  before 
use,  and  the  amalgam  renewed  if  needful:  in  damp  weathec  much 
trouble  is  often  experienced  in  bringii^  the  machine  into  powerful 

When  the  conductor  of  the  machine  is  charged  with  electricity, 
it  acta  indirectly  on,  and  accumulates  the  contrary  electricity  to 
its  own,  at  the  surface  of  all  the  surrounding  conductors.  It  pro- 
dnces  the  greatest  effect  on  the  conductor  that  is  nearest  to  it  and 
is  in  the  beat  connection  with  the  ground,  whereby  the  electricity 
of  the  some  kind  as  that  of  the  machine  may  pass  to  the  earth. 
Aa  the  inducing  electricitv  attracts  the  induced  electricity  of  an 
oppoail«  kiDd,  so,  on  the  other  hand,  is  the  former  attracted  by  the 
latter.  Hence,  the  electricity  which  the  conductor  receives  from 
the  machine  must  especially  accumulate  at  that  spot  to  which 
KDOther  good  conductor  of  electricity  is  opposed.  If  a  metal  disc 
is  in  connection  with  the  conductor  of  a  machine,  and  if  another 
similar  disc,  in  good  connection  with  the  earth,  is  placed  opposite  to 
to  it,  we  have  an  anan^ment  by  which  tolerably  large  and  good 
conducting  surfaces  can  oe  brouglit  clo^  to  one  another  :  thus  the 
positive  condition  of  the  first  disc,  as  well  as  the  negative  condition 
of  the  other,  must  be  increased  to  a  verv  considerable  de^^ree :  the 
limit  is  in  this  case,  however,  soon  reacted,  because  the  interven- 
ing air  easily  permits  spark-discharge  to  take  place  through  its  sub- 
stance. With  a  solid  msnlating  bodv,  as  glass  or  lac,  this  happens 
with  much  greater  difficulty,  even  when  the  plate  of 
insulating  matter  is  veiy  thin.  It  is  on  this  prin- 
ciple that  instruments  for  the  accumulation  of  elec- 
tzicity  depend,  among  which  the  Leyden  Jar  is  the 
most  important 

A  thin  glass  joi  is  coated  on  both  sides  with  tinfoil, 
care  being  taken  to  leave  several  Inches  of  the  upper 
part  uncovered  [tig.   57) ;  a  wire,  terminating  in  a 
metallic  knob,  communicates  with  the  intemu  coat> 
ing.    When  the  outside  of  the  jar  is  connected  with 
the  earth,  and  the  knob  put  in  contact  with  the  con-    I 
ductor  of  the  machine,  the  inner  and  outer  surfaces  of   | 
the  glass  become  respectively  positive  and  negative,    | 
until  a  very  irreat  degree  of  intensity  has  been  attained. 
On  completing  the  connection  between  the  two  coat- 
ings by  a  mebillic  wire  or  cod,  dischai^  occurs  in  the  form  of  an 


ng.M. 


102 


SLBOTRIOITY. 


exceedingly  bright  spark,  accompanied  by  a  loud  snap :  and  if  the 
human  body  be  interposed  in  the  circuit,  the  peculiar  and  disagree- 
able sensation  of  the  electric  shock  is  felt  at  the  moment  of  its  com- 
pletion. 

By  enlardng  the  dimensions  of  the  jar.  or  by  connecting  together 
a  number  of  such  jars  in  such  a  manner  that  aU  may  be  chaiged  and 
discharged  simultaneously,  the  power  of  the  apparatus  may  be  greatly 
augmented.  Thin  wires  of  metal  may  liefusea  and  dissipated;  pieces 
of  wood  may  be  shattered ;  many  combustible  substances  set  on  fire ; 
and  all  the  well-known  effects  of  lightning  exhibited  upon  a  small 
scale. 

The  electric  spark  is  often  very  conveniently  employed  in 
chemical  inquiries  for  firing  gaseous  mixtures  in  closed  vessels.  A 
small  Leyden  jar  charged  by  the  machine  is  the  most  effective  con- 
trivance for  this  purpose ;  but,  not  unfrequently,  a  method  may 
be  resorted  to  wmch  involves  less  preparation.  This  method  was 
devised  by  Bunsen.  A  large  porcelam  tube,  which  is  dry  and  warm, 
is  wrapped  round  and  rubued  orisklv  b^  a  dry  silken  cloUi,  and  after 
each  ruD,  the  tube  is  brought  in  the  inuneaiate  neighbourhood  of 
the  knob  of  a  small  Leyden  jar,  the  outer  coating  of  this  vessel  being 
in  connection  with  the  earth. 

The  electrophorus  (fig.  58)  is  also  frequently  used  for  this 
purpose.  This  instrument  consists  of  a  roimd  tray  or  dish  of  tinned 
plate,  having  a  stout  wire  round  its  upper  edge ;  the  width  may  be 
about  twelve  inches,  and  the  depth  hall  an  incn.  This  tray  is  filled 
with  melted  shellac,  and  the  surface  rendered  as  even  as  possible.  A 
brass  disc,  with  rounded  edge,  of  about  nine  inches  diameter,  is  also 

provided,  and  fitted  with  an  insu- 
lating handle.  The  resinous  plate 
is  excited  by  striking  it  with  a  dry, 
warm  piece  of  fur  or  flannel,  where- 
by it  becomes  charged  with  negative 
electricity.  If  the  cover  be  then 
placed  upon  it,  the  positive  elec- 
tricity is  arawn  to  the  imder  surface 
of  the  metal  nearest  to  the  ne^- 
tively  charged  resinous  cake,  while 
tlie  negative  electricity  is  repelled 
to  the  upper  surface  of  the  cover ;  on  touching  the  cover  with  the 
finger,  the  negative  electricity  passes  away  to  the  earth,  wliile  an 
additional  quantity  of  positive  electricity  is  drawn  into  the  plate ; 
and  if  the  finger  be  removed  and  the  cover  then  lifted  by  its  insu- 
lating handle,  it  will  be  found  so  strongly  charged  by  induction 
with  positive  electricity  as  to  give  a  bright  spark ;  and  as  the  resin 
is  not  discharged  by  the  cover,  which  merely  touches  it  at  a  few 
points,  sparks  may  be  drawn  as  often  as  may  be  wished. 

Atmospheric  Electricity. — It  is  not  known  to  what  cause  the  distur- 
bance of  the  electrical  equilibrium  of  the  atmosphere  is  due :  experi- 
ment has  shown  that  the  higher  regions  of  the  air  are  usually  in  a 
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positive  state,  the  intensity  of  which  reaches  a  maximum  at  a  par- 
ticular period  of  the  day.  In  cloudy  and  stonny  weather  the  distri- 
bution of  the  atmospheric  electricity  becomes  much  deranged,  clouds 
near  the  surface  of  the  earth  often  appearing  in  a  negative  state. 

The  circumstances  of  a  thunderstorm  exactly  resemble  those 
of  the  charge  and  discharge  of  a  coated  plate  or  jar;  the  cloud 
and  the  earth  represent  the  two  coatings,  and  the  intervening 
air  the  bad  conducting  body,  or  dielectric.  The  polarities  of  the 
opposed  surface  and  of  the  insulating  medium  between  them  be- 
come raised  by  mutual  induction,  until  violent  disruptive  discharge 
takes  place  through  the  air  itself,  or  through  any  other  bodies  which 
may  happen  to  be  in  the  interval.  When  these  are  capable  of  con- 
ducting freely,  the  discharge  is  silent  and  harmless ;  but  in  other 
cases  it  often  proves  highly  destructive.  These  dangerous  effects 
are  now  in  a  great  measure  obviated  by  the  use  of  lightning-rods 
attached  to  buildings,  the  erection  of  which,  however,  demands  a 
number  of  precautions  not  always  understood  or  attended  to.  The 
masts  of  ships  may  be  guarded  in  like  manner  by  metal  conductors. 
Sir  W.  Snow  Harris  has  devised  a  most  ingenious  plan  for  the 
purpose,  which  is  now  adopted,  with  complete  success,  m  the  Royal 
Navy. 

The  electricity  exhibited  under  certain  circumstances  by  a 
jet  of  steam,  first  observed  by  mere  accident,  but  since  closely 
investigated  by  Sir  W.  Armstrong,  and  afterwards  by  Faraday, 
is  now  referred  to  the  friction,  not  of  the  pure  steam  it^lf, 
but  of  particles  of  condensed  water,  against  the  interior  of  the  exit- 
tube.  It  has  been  proved  with  certainty  in  the  last  few  years  that 
evaporation  alone  is  not  capable  of  disturbing  the  electrical 
equilibrium,  and  the  hope  first  entertained,  that  these  phenomena 
would  throw  light  upon  the  cause  of  electrical  excitement  in  the 
atmosphere,  is  now  abandoned.  The  steam  is  usually  positive  if  the 
jet-pipe  be  constructed  of  wood  or  clean  metal,  but  the  introduction 
of  the  smallest  trace  of  oily  matter  causes  a  change  of  sign.  The 
intensity  of  the  charge  is,  cceteris  farihus,  increased  with  the  elastic 
force  of  the  steam.  By  this  means  effects  have  been  obtained  very 
far  surpassing  those  of  the  most  powerful  plate  electrical  machines 
ever  constructed. 

Although  no  electricity  can  be  directly  evolved  by  evaporation, 
yet  vapour  possesses  in  a  high  degree  the  property  of  discharging 
into  the  atmosphere  that  electricity  which  otten  accumulates  in 
bodies  from  which  it  arises.  The  fresh  branches  and  leaves  of  trees 
do  this  to  the  greatest  extent  When  moistened  with  rain  or  dew, 
their  surfaces  become  positively  electrical,  whilst  the  internal  parts, 
even  to  the  roots,  become  negatively  electrical 

ELECTRIC  CURRENT  ;  ELECTRIC  BATTERY. 

When  two  solid  conducting  bodies  are  plunged  into  a  liquid 
which  acts  upon  them  unequally,  the  electric  equilibrium  is  dis- 
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turbed,  the  one  ac^uirisg  the  positive  conditioii,  and  the  other  the 
negative.  Thus,  pieces  of  zinc  and  platinmn  pat  into  dilate  sal- 
phuiic  acid,  constitute  an  arrangement  capable  of  generating  electrical 
force:  the  zinc  which  is  the  metal  attacked,  becomes  negative; 
the  platinum  which  remains  unaltered,  assumes  the  positive  con- 
dition; and  on  making  a  metallic  communication  m  any  way 
between  the  two  plates,  discharge  ensues,  as  when  the  two  surfaces 
of  a  coated  and  charged  jar  are  put  into,  connection. 

No  sooner,  however,  has  this  occurr^  than  the  disturbance  is 
repeated ;  and  as  these  successive  charges  and  discharges  take  place 
through  the  fluid  and  metals  with  inconceivable  rapiofity,  the  resalt 
is  an  apparently  continuous  action,  to  which  the  term  electrical 
current  is  given. 

It  is  necessary  to  guard  against  the  idea,  which  the  term 
naturally  suggests,  of  an  actual  lK>dily  transfer  of  something  throu^ 
the  substance  of  the  conductors,  like  ¥rater  through  a  pipe :  the  real 
nature  of  all  these  phenomena  is  entirely  unknown ;  the  expression 
is  convenient  notwithstanding,  and  consecrated  by  long  use ;  and 
with  this  caution,  the  very  dangerous  error  of  applying  figurative 
laiiguaii^  to  describe  an  effect,  and  tlien  seeking  the  nature  of  the 
effect  from  tlie  common  meaning  of  words,  may  be  avoided. 

The  intensity  of  the  electrical  excitement  developed  by  a  single 
pair  of  metals  and  a  liauid  is  too  feeble  to  affect  the  most  delicate 
gold-leaf  electroscope ;  out,  by  arranging  a  uuml)er  of  such  alter- 
nations iu  a  connected  series,  in  such  a  manner  thkt  the  direction 
of  the  current  shall  be  the  same  in  each,  the  intensity  mav  be  very 
greatly  exalted.  The  two  instruments,  invented  by  Volta,  call^ 
the  pile  and  crowu  of  cups,  depend  upon  this  principle. 

Upon  a  plate  of  zinc  is  Lud  a  piece  of  cloth,  rather  smaller  than 
itself,  steeped  in  dilute  acid,  or  any  liquid   capable  of  exerting 

chemical  action  upon  the  zinc ;  upon  this  is  placed 
a  plate  of  copper,  silver,  or  platinum ;  then  a  second 
piece  of  zinc,  another  cloth,  and  a  plate  of  inactive 
metal,  until  a  pile  of  about  twenty  alternations  has 
been  built  up.  If  the  two  terminal  plates  be  now 
touched  with  wet  hands,  the  sensation  of  the  elec- 
trical shock  will  be  experienced ;  but,  unlike  the 
momentary  effect  produced  by  the  discharge  of  a 
jar,  the  sensation  can  be  repeated  at  will  by  repeat- 
ing the  contact,  and  with  a  pile  of  one  hundred  such 
pairs,  excited  by  dilute  acid,  it  will  be  nearly  in- 
supportable. "\Vhen  such  a  pile  is  insulated,  the 
two  extremities  exhibit  strong  positive  and  nega- 
tive states ;  and  when  connection  is  made  between 
them  by  wires  armed  with  points  of  hard  charcc^l 
or  plumbago,  the  discharge  takes  place  in  the  form  of  a  bright  en- 
during spark  or  stream  of  fire. 

The  second  form  of  apparatus,  or  crown  of  cups,  is  precisely  the 
same  in  principle,  although  different  in  appeaiance.    A  number  of 
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cape  or  glasses  are  arranged  in  a  row  or  circle,  each  containing  a 
piece  of  active  and  a  piece  of  inactive  metal,  and  a  portion  of  exciting 


Fig.6a 


liquid — zinc,  copper,  and  dilute  sulphuric  acid,  for  example.  The 
copper  of  the  first  cup  ia  connected  with  the  zinc  of  the  second,  the 
copper  of  the  second  with  the  zinc  of  the  third,  and  so  to  the  end 
of  the  series.  On  establishing  a  communication  between  the  first 
and  last  plates  by  means  of  a  wire,  or  otherwise,  discharge  takes  place 
as  before. 

When  any  such  electrical  arrangement  consists  merely  of  a 
single  pair  of  conductors  and  an  interposed  liquid,  it  is  called  a 
"simple  circuit;"  when  two  or  more  alternations  are  concerned, 
the  term  "conmound  circuit"  is  applied:  they  are  called  also, 
indifferently,  V  oltaic  batteries.  In  every  form  of  such  appar- 
atus, however  complex  it  may  appear,  the  direction  of  the  current 
may  be  easilv  understood  and  remembered 

when  both  ends  of  the  series  are  insulated,  the  zinc  end  exhibits 
negative,  the  copper  or  platinum  end  positive  electricity ;  con- 
sequently, when  the  two  extremities  or  poles  are  joined  by  a 
conducting  wire  and  a  complete  circuit  formed,  the  current  of 
positive  electricity  proceeds  toUhout  the  battery  from  the  platinum  or 
copper  to  the  zinc,  and  tpithin  the  battery,  from  the  zinc  to  the 
copper  or  platinum,  as  indicated  by  the  arrows— just  as  in  the 
common  electrical  machine,  when  the  positive  conductor  and  the 
rubber  are  joined  by  a  wire,  the  positive  current  proceeds  from  the 
conductor  through  the  wire  to  the  rubber,  and  thence  along  the 
surface  of  the  glass  cylinder  or  plate  to  the  conductor  again. 

In  the  mo(ufication  of  Volta's  original  pile,  made  by  Cruik- 

ng.  6L 


ahank,   the  sdnc  and  copper  plates    are  soldered    together,  and 
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cemented  water-tight  into  a  mahogany  trough,  which  thus  be- 
comes divided  into  a  series  of  cells  or  compartments  capable  of 
receiving  the  exciting  liquid.  This  apparatus  (fig.  61)  is  well  fitted 
to  exhibit  efifects  of  tennon,  to  act  upon  the  electroscope,  and  give 
shocks :  hence  its  advantageous  employment  in  the  application  of 
electricity  to  medicine. 

A  form  of  battery  more  convenient  for  most  purposes  is  that 
contrived  by  WoUaston  (fig.  62).  In  this  the  copper  is  made 
completely  to  encircle  the  zinc  plate^  except  at  the  edges,  the  two 
metals  being  kept  apart  by  pieces  of  cork  or  wood.  Each  zinc  is 
soldered  to  the  preceliing  copper,  and  the  whole  screwed  to  a  bar  of 
dry  mahogun^,  so  that  tne  plat^  can  be  lifted  into  or  out  of  the 
acid,  which  is  contained  in  an  earthenware  trough,  divided  into 
separate  cells.  The  liquid  consists  of  a  mixture  of  lUO  parts  water, 
2^  parts  oil  of  vitriol,  and  two  parts  commercial  nitric  acid,  all  by 
measure.  A  number  of  such  batteries  are  easily  connected  together 
by  straps  of  sheet  copper,  and  admit  of  being  put  into  action  with 
great  ease. 

In  all  these  older  forms  of  the  voltaic  battery,  however,  the 
power  rapidly  decreases,  so  that,  after  a  short  time,  scarcely  the 
tenth  part  of  the  original  action  remains.    This  loss  of  power 


depends  partly  on  the  gradual  change  of  the  sulphuric  acid  into 
zinc  sulpnate,  but  still  more  on  other  causes,  which,  together  with 
the  more  modern  fonns  of  the  battery  which  have  been  contrived  to 
obviate  them,  will  be  more  easily  understood  at  a  subsequent  part 
of  "the  work,  when  we  come  to  consider  the  nature  and  effects  of 
electro-chemical  decomposition. 

The  term  "  galvanism,"  sometimes  applied  to  this  branch  of  elec- 
trical science,  is  used  in  honour  of  ualvani,  of  Bologna,  who,  in 
1790,  made  the  very  curious  observation  that  convulsions  could  be 
produced  in  the  limbs  of  a  dead  frog  when  certain  metals  were  made 
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to  touch  the  nerve  and  muscle  at  the  same  moment.  It  was  Volta, 
however,  who  pointed  out  the  electrical  origin  of  these  motions ; 
and  although  the  explanation  he  offered  of  the  source  of  the  electrical 
disturbance  is  no  longer  generally  adopted,  his  name  is  very  properly 
associated  with  the  invaluable  instrument  his  genius  gave  to  science. 

ELECTRO-MAGNETISM. 

Although  the  fact  that  electricity  is  capable,  under  certain  cir- 
cumstances, both  of  inducing  and  of  destroying  magnetism,  has 
long  been  known  from  the  effects  of  lightning  on  the  compass-needle 
and  upon  small  steel  articles,  as  knives  and  iorks,  to  which  polarity 
has  suddenly  been  given  by  the  stroke,  it  was  not  until  1819  that 
the  laws  of  these  phenomena  were  discovered  by  Oersted,  of  Copen- 
hagen, and  shortly  afterwards  fully  developed  by  Ampere. 

If  a  wire  conveying  an  electrical  current  be  brought  near  a  mag- 
netic needle,  the  latter  will  immediately  alter 
its  position,  and  assume  a  new  one  as  nearly  per-  ^'    ' 

pendicular  to  the  wire  as  the  mode  of  suspen-  ^ 

sion  and  the  magnetism  of  the  earth  will  permit 
When  the  wire,  for  example,  is  placed  oirectly 
over  the  needle,  and  parallel  to  its  length,  while 
the  current  it  carries  travels  from  north  to  south, 
the  needle  is  deflected  from  its  ordinary  direction, 
and  the  north  pole  driven  to  the  eastward.  When 
the  current  is  reversed,  the  same  pole  deviates  to 
an  equal  amount  towards  the  west.  Placing  the 
wire  below  the  needle  instead  of  above  produces  the  same  effect 
as  reversing  the  current. 

The  direction  which  the  needle  will  assimie  when  placed  in  any 
particular  position  to  the  conducting  wire  may  be  determined  by  the 
following  rule : — Let  the  current  be  supposed  to  pass  through  a  watch 
from  the  face  to  the  hack:  the  motion  of  the  north  pole  will  he  in  the 
direction  of  the  hands.  Or,  let  the  ohserver  imagine  himself  swimming 
in  the  direction  of  the  current  with  his  face  Uywards  the  needle:  the 
north  pole  of  the  needle  toiU  then  he  deflected  towards  his  left  hand. 


Fig.  64. 
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If  reference  is  often  required,  a  little  piece  of  apparatus  (fig.  64) 
may  be  used,  consisting  of  a  piece  of  pasteboard,  or  other  suitable 
material,  cut  into  the  form  of  an  arrow  for  indicating  the  current, 
crossed  by  a  magnet  having  its  poles  marked,  and  arranged  in  the 


true  podlioB  uph  nmeet  to  the  cmrait  Tha  Unctiaa  of  tlie 
latter  in  the  wire  of  toe  gUnBoaaapa  eao  at  once  be  known  by 
placing  the  tepieeentatiTe  magnet  in  the  direction,  aanuued  bj  the 
needle  itaelf. 

When  the  needle  is  mbjected  to  the  action  of  two  cnimita  in 
opposite  directionB,  the  one  above  and  the  other  below,  they  will 
obviuiuly  concnr  in  theii  effecta.  The  tame  thing  happena  vheu 
the  wire  carrying  the  current  i«  bent  apon  itse]£  and  the  needle 
placed  between  toe  two  portionaaa  in  ^.  06;  and  fdnceereiy  time 
the  bending  ia  repeated,  a  fieah  portion  <M  the  conent  is  made  to  act 
in  the  same  manner  npon  the  needle,  it  ii  «aayto  eee  bow  a  current, 
p,^^  too  feeUe  to  produce  any  etlect  when  a 

simple  rtiaii^t  wire  ia  emplt^ed,  maf  be 
made  hv  thia  contrivance  to  <aliibit  a. 
powerfnl  action  cm  the  magnet  It  ia  on 
this  principle  that  initmmenti  called  gal- 
vaniimtim,gahKrMiarptt,  otmiiA^Iwr),are 
constructed ;  they  aerre  not  only  to  indi- 
cate the  existence  of  electrical  cnrrenta,  but 
to  show,  by  the  effecta  npon  the  needl^  the  direction  in  which  they 
are  moving. 

The  delicAcy  of  the  instrument  may  be  immeunely  increased  by  the 
nue  of  a  very  long  coil  of  wire,  and  by  the  addition  of  a  second 
needle.  The  two  needles  are  of  equalsize,  and  magnetised  as  nearly 
as  possible  to  the  same  extent ;  they  arc  then  umnovahly  fixed 
together  parallel,  and  with  their  polea  opposed,  and  hung  by  a  long 
fibre  of  untwisted  silk,  with  the  lower  needle  in  the  coil,  and  tlie 
upper  one  above  it  The  advantage  thus  gained  is  twofold ;  the 
system  is  a»taHc, 
Pif.  M.  ,,aH>^C^=«st-  unaffected,  or  near- 
ly so,  1^  the  niaft- 
netism  of  the  earth; 
and  the  needles,  be- 
ing both  acted  upon 
in  the  same  manner 
by  the  current,  are 
urged  with  much 
greater  force  than 
one  alone  would  be, 
aU  the  actions  of 
every  part  of  the 
,  coil  being  strictly 
1  concurrent,  A 

'  divided  circle  is 
placed  below  the 
upper  needle,  by 
which  the  angular  motion  can  be  measured,  and  the  whole  is  endosed 
in  glass,  to  shield  the  needles  from  the  a^tation  of  the  air.  The 
arrangement  ia  shown  in  fig.  66. 
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The  direction  of  the  coirent  which  deflects  the  galvanometer-needle 
in  a  particular  way  is  easily  determined  by  the  rules  given  on  page 
106  when  ure  know  the  direction  in  which  the  wire  is  coiled  round 
the  frame.  For  this  purpose  it  is  necessary  to  distinguish  between 
right-handed  and  left-handed  coils  or  helices.  Suppose  the  wire  to 
be  coiled  round  a  cylinder  beginning  at  the  left  hand ;  then  if  the 
turns  in  front  of  the  cylinder  proceed  from  below  upwards,  as  in 
fig.  67,  the  coil  is  left-handed  ;  if,  on  the  coutrarv,  they  proceed  in 
front  from  above  downwards,  as  in  fig.  68,  the  coil  is  right-handed. 


rig.  67. 
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A  magnetic  needle  placed  with  its  centre  in  the  axis  of  such  a  coil 
turns  its  north  or  south  pole  towards  the  end  of  the  coil  at  which 
the  current  enters,  according  as  the  coil  is  left  or  right-handed. 

The  direction  given  to  the  needle  is  the  same  whether  the  coil  is 
elongated,  as  in  the  above  figures,  or  compressed,  as  in  the  galvan- 
ometer. As,  however,  in  the  galvanometer,  when  complete,  it  is  not 
easy  to  see  whether  the  coil  is  left  or  right-handed,  it  is  best  to 
determine  by  experiment,  once  for  all,  the  direction  taken  by 
the  needle  when  the  current  enters  at  one  particular  end  of  the 
coil. 

Actum  of  the  MagnU  on  the  Electric  Current, — The  action  between 
the  current  and  the  magnet  is  mutual,  so  that  if  the  conductor 
conveying  the  current  is  free  to  move,  it  is  deflected  in  the  direction 
opposite  to  that  which  the  magnet  takes  imder  its  influence;  in 
snort,  if  the  magnet  and  conducting  wire  are  both  free  to  move, 
they  place  themselves  at  right  angles  to  each  other,  the  magnet 
moving  in  th^  manner  indicated  at  page  106,  and  the  wire  in  the 
opposite  direction. 

The  action  of  the  magnet  on  the  current  may  be  shown  by 
means  of  Ampere's  apparatus  (fig.  69).  On  holding  a  bar-magnet 
below  the  rectangular  wire,  and  parallel  to  its  lower  noiizontal  arm, 
the  wire  turns  round  and  places  itself  at  right  angles  to  the 
magnet,  the  position  of  equihbrium  being  determined  by  the  nde 
jnst  alluded  to. 

A  simpler  apparatus  for  the  purpose  is  De  la  Rive's  floating 
battery,  which  consists  of  a  pair  of  zinc  and  copper  plates,  contained  in 
a  wide  glass  tube  attached  to  a  cork  float,  and  connected  together  by 
a  rectangular  wire,  or  a  flat  coil,  or  elongated  helix  of  covered 
wire  (fig.  70). 

A  movable  electric  current  is  deflected  by  the  earth's  magnetism 
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in  the  same  way  as  by  an  ordinaiy  magnet    Thus  the  rectangular 
wire  of  Amp^'s  apparatus,  or  of  a  floating  battery,  when  Irft  to" 


Fig.  89. 


Fig.  70. 
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itself,  will  take  up  a  position  at  right  angles  to  the  magnetic 
meridian;  and  remeiiil)ering  that  the  north  magnetic  jwle  of  the 
earth  is  analogous  to  the  south  pole  of  an  ordinary  magnet,  it  is 
easy  to  see  that,  in  the  position  of  stable  ec^uilibrium,  the  direction 
of  the  current  will  be  from  east  to  west  m  the  lower  horizontal 
branch;  and  from  below  upwards  on  the  western  vertical  side. 
If  the  wire  has  the  form  of  a  long  helix,  it  wiU,  in  like  manner, 
place  itself  with  tlie  turns  of  the  helix  at  right  angles  to  the 
magnetic  meridian,  and  therefore  with  its  axis  i)arallel  to  tliat 
meridian,  the  ends  pointing  north  and  south,  just  tike  those  of  au 
ordinary  magnetic  needle.  If  the  helix  is  left -handed,  the  end 
connected  with  the  copjHir  plate  of  the  battery  will  point  to  the 
north. 

Mutual  Action  of  Electric  Currents, — If  a  conducting  wire  con- 
necting the  poles  of  a  voltaic  battery  be  brought  near  the  mov- 
able wire  of  Amp^jre's  a])paratus,  or  the  wire  of  a  floating  battery, 
the  movable  wire  will  be  attracted  or  repelled  according  to  the 
relative  direction  of  the  two  currents,  the  general  law  of  the  action 
being  that,  electric  currents  moving  in  parallel  lines  attra^ct  one 
another  if  they  move  in  tlie  same  direction,  and  repel  ont  another  if 
they  move  in  opposite  directiwis.  From  this  it  is  easy  to  see  that  if 
a  helix  connecting  the  two  poles  of  a  batterv  be  brought  near  the 
helix  of  a  floating  Iwtteiy,  and  if  the  two  helices  are  similar, — that 
is,  both  right  or  both  left-handed, — their  similar  ends,  i.e.,  those 
by  which  tne  current  enters  or  leaves  the  helix,  will  repel  each 
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otlter,  and  theii  diBsimitar  ends  will  attract  each  other,  and  conEe- 
qnently  the  moveaUe  helix  will  place  itaelf  pLrallel  to  the  fixed 
nelix  with  its  poles  or  euds  in  the  contrary  directiou  to  those  of 
the  fixed  helix.  In  »hort,  the  two  helices  wilt  act  on  one  another 
exactly  like  two  bar  magnets ;  and  if  an  ordinary  bar  magnet  be 
mhstitnted  for  the  lixed  helix,  the  effect  w-ill  still  be  the  same,  each 
end  of  the  movable  helix  being  attracted  by  one  pole  of  the  magnet, 
Mud  repelled  by  the  other. 

This  atriking  resemblance  between  the  mntual  action  of  electric 
currents  and  that  of  niacnets  has  led  to  the  idea,  suggested  and 
developed  by  Ampire,  that  magnetism  is  actually  produced  by 
electric  currents  circulating  round  the  molecules  of  a  magnet  all  in 
the  same  direction.  These  currents  may  be  supposed  to  pre-exist 
in  all  magnetic  bodies,  even  before  the  development  of  magnetic 
polarity,  but  to  be  disposed  without  regultuity,  so  that  they 
neutralise  each  other.  Mi^ietisation  ia  the  process  by  which  these 
molecular  currents  are  made  to  move  in  one  direction,  those  situated 
at  the  surface  yielding,  as  their  resultant,  a  finite  current  circulating 
round  the  magnet,  while  the  currents  in  the  interior  are  neutmliaed 
by  those  in  the  ne»t  external  layer,  the  eontiguouaportionsof  which 
move  in  a  direction  opposite  to  their  own.  The  resultant  action  of 
all  these  molecular  cur- 
rents is  equivalent  to 
that  of  a  number  of 
currents  circulating  round 
the  magnet  in  planes 
perpendicular  to  its  axis 
(fig.  71);  and  from  what 
nas  been  aaid  about  the 
mutual  action  of  maguels 
and  helices  traverst^  by 
electric  currents,  it  is  easy 
to  Bee  that,  on  looking  ^, 
along  the  axis  of  a  magnet 
with  its  loulA  pole  towards 
the  observer,  the  current 
moves  in  the  direction  of 
the  hands  of  a  watch,  that  is,  upwards 
1-  -^  ^^g  right. 


wards  Ol 


a  the  left  side,  and  down- 


ELECTRO-DTNAMIC  INDUCTION. 


1.  Magnetitatum  6^  the  Current.— When  an  electro-current  is 
passed  through  a  mre  placed  at  right  angles  to  a  bar  of  iron  or 
steel,  the  bar  acquires  magnetic  polmty,  temporary  in  the  case  of 
Bofl  iron,  permanent  in  the  case  of  hard  iron  or  steel,  the  position 
of  the  poles  being  determined  by  the  direction  of  the  current, 
according  to  the  laws  already  explained. 

This  effect  is  prodigiously  increased  by  coiling  the  conducting 


win:  in  a  bulix  ronnd  the  Itar.  A.  piece  of  soft  iron  worked  into 
the  fonn  of  a  honeahoe  (%  73},  and  sanoonded  by  a  coil  ot 
n-  «  wire  covmd  with  mlk  at  eottm  for  the  pntpone 

of  inralalion,  fnnuihea  an  excellent  illnato^zon 
of  tlie  indnctiTe  meivy  of  the  ctuicnt  in  tioB 
Knpett :  when  the  enoii  of  tlie  wire  an  pat  into 
cotninnmeation  witli  a  anull  vottaic  hattery  of  a 
Bincle  pair  of  plates,  the  inm  instantly  becomes 
so  biglilf  magnetie  w  to  be  <»p«ble  of  etutaining 
a  very  heavy  weifi;)it 

2.  IndMctum  o/EUetrie  OnrmtU  hm  tht  aettim 
of  MagneUy  and  of  otiier  EUftric  (Wmrtt.— If 
uie  two  extieiiutiea  of  the  ooil  of  ibe  oUetio- 
magnet  abore  described  be  connected  with  a 
g^vanoeoope,  and  the  iron  magnetised  by  the  ap- 
plication of  a  pennanent  steel  hcase-ahoe  magnet 
to  the  ends  of^the  bar,  a  momentaiy  ciureut  will 
be  developed  in  the  wiie,  and  pointed  out  b? 
the  movement  of  the  needle.  It  lasts  but  a 
single  instant,  the  needle,  after  a  few  oedlla- 
a  state  of  rest  On  temovina  the  magnet,  whereby 
t  ia  at  once  deatroyeo,  a  eeomd  cnnent  or 


s,  returning 
polarity  of 


0  that  of 
the  first    By  employing  a  _ 

its  iron  keeper  of  armature  witli  a  very  long  coil  of  wire,  and  then 
mflking  the  armatore  iUelf  rotate  in  front  of  the  faces  of  the  magnet, 


wave  will  become  apparent,  but  in  the  oppoait«  direction  U. 
■''■-"  •     ■         y^Yj  powerful  steel  magnet,  BOrrouoding 


ELEGTRO-MAGNBTIBM.  113 

BO  that  its  induced  polarity  sliall  be  rapidly  reversed,  magneto- 
electric  currents  may  be  produced,  of  such  intensity  as  to  give  bright 
sparks  and  most  powerful  shocks,  and  exhibit  all  the  phenomena  of 
voltaic  electricity.  Fig.  73  represents  a  very  powerful  arrangement 
of  this  kind. 

¥nien  two  covered  wires  are  twisted  together  or  laid  side  by 
aide  for  some  distance,  and  a  current  transmitted  through  the  one, 
ft  momentary  electrical  wave  will  be  induced  in  the  other  in  the 
reverse  direction ;  and  on  breaking  connection  with  the  battery,  a 
second  single  wave  will  become  evident  by  the  aid  of  the  galvano- 
scope,  in  the  same  direction  as  that  of  the  primary  current.  In  the 
same  way,  when  a  current  of  electricity  passes  through  one  turn 
in  a  coil  of  wire,  it  induces  two  secondary  currents  in  all  the  other 
turns  of  the  coil ;  the  first  current,  which  is  induced  when  the  circuit 
is  closed,  moves  in  the  opposite  direction  to  the  primary  current ; 
the  second,  which  comes  in  existence  when  the  circuit  is  broken, 
has  a  motion  in  the  same  direction  as  the  primary  current.  The 
effect  of  the  latter  is  added  to  that  of  the  pnmary  current.  Hence, 
if  a  wire  coil  be  made  part  of  the  conducting  wire  of  a  weak  electric 
pile,  and  if  the  primary  current,  by  means  of  an  appropriate  arrange- 
ment, be  made  and  broken  in  rapid  succession,  we  caii  increase  in  a 
remarkable  manner  the  effects  which  are  produced  at  the  moment 
of  breaking  the  circuit,  either  at  the  place  of  interruption,  such  as 
the  spark-discharges,  or  in  secondary  closing  conductors,  as  in  the 
action  on  the  nerves,  or  in  the  decomposition  of  water. 

If  the  two  copper  wires,  the  one  above  the  other,  be  twisted  round 
the  same  hollow  cylinder,  and  one  of  these  wires — the  inner  one,  for 
instance, — be  made  part  of  a  galvanic  circuit,  a  current  of  short 
duration  is  induced  in  the  outer  wire,  both  by  making  and  by  break- 
ing contact  The  strength  of  this  current  can  be  very  appreciably 
increased  by  filling  the  hollow  cylinder  with  a  bundle  of  thin  iron  rods, 
whereby  magnetic  and  electrical  induction  are  made  to  co-operate. 
The  more  frequently  contact  is  alternately  made  and  broken,  the 
greater  is  the  number  of  induced  currents  that  follow  each  other, 
and  the  more  powerful,  within  certain  limits,  is  the  action.  By  an 
ingenious  contrivance,  the  invention  of  Dr.  Neef,  in  which  contact  is 
made  and  broken  by  the  current  itself,  the  induction  apparatus 
actually  becomes  an  electrical  machine.  Fig.  74  exhioits  the 
original  apparatus  slightly  modified.  The  arrangement  consists 
essentially  of  an  elastic  copper  strip  a  a',  which  is  fixed  at  a',  and 
carries  at  6  a  small  plate  of  soft  iron.  The  latter  hangs  over  the  iron 
rods  of  the  induction  coil,  which  are  somewhat  raised  in  this  parti- 
cular point,  but  without  touching  them.  The  end  a  of  the  copper 
strip  is  covered  with  a  little  plate  of  platinum,  which  presses  against 
a  platinum  point  of  the  screw  c.  The  current  having  traversed  the 
inner  coil,  passes  from  the  point  c  to  the  plate  a,  in  order  to  return 
through  the  copper  strip  a  a'  and  the  wire  8.  By  the  passage  of 
the  current  the  iron  rods  have  become  magnetic  and  attract  the  iron 
plate  h,  whereby  the  end  a  of  the  copper  strip  is  removed  from 
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the  plAtiQum  point,  uid  cootaet  ii  brakoti.  But  h  soon  a*  tits  cw- 
lent  ceaseB,  the  iron  rods  lose  their  magnetimi,  the  elaatac  copper 
Btrip  retnruB  to  its  former  poeitioii,  and  eataldialiM  again  tlie  cnmnt 
for  e  short  time.  The  HcrewB  o  ioA.  d  r^olate  ttie  poa^ioQ  of  (he 
spring  and  the  time  of  its  oscillations,  the  velocity  ofwhich  idxj  be 
estimated  by  the  pitch  of  the  notes  jffodnced.  This  sprang, 
called  an  induction  coiL  which  was  first  made  far  Dr.  Neef^  in 
1830,  baa  been  conaideiaUj  improred  within  the  last  few  Tear^ 
Buhmkorff  especially,  hj  a  more  perfect  isolation  of  the  wire  coils, 


has  succeeded  to  a  mocli  greati;r  extent  in  preserving  the  electrical 
induction.  He  has  thun  obtained  a  state  of  electrical  tension  which 
tcaembles  that  produced  liy  frictional  electricity,  capable  of  giving 
Ions  sparks,  and  Hhocks  of  unendurable  force.  By  means  of 
BunmkorirB  coil,  Grove  has  effected  decompoaitione  in  water  and 
other  bad-conduclit^  liquid.i,  which  resemble  those  obtained  many 
years  ago  by  Wollaaton  by  means  of  the  electrical  machine.  These 
phenomena  of  decomposition,  which  in  water,  for  instance,  furnish 
oxygen  and  hydrogen  at  the  some  pole,  must  be  distinguisheil 
firom  true  electro-chemical  decompositions ;  they  are,  in  fact,  effects 
of  heat,  as  Qrove  has  pointed  out. 

T  BERMO-ELECTRIClTT. 

In  the  year  1822  ProfeBsor  Seebecfc  of  Berlin  discovered  a  new 
source  of  electricity,  namely,  inequality  of  temperature  and  con- 
ducting power  in  different  metala  placed  in  contact,  or  in  the 
Barae  metal  in  different  states  of  compreBaion  and  density. 

Where  two  pieces  of  different  metals,  connected  together  at  each 
end,  have  one  of  their  joints  more  heated  than  the  other,  an  electric 
cnirent  is  immediately  set  np.    Of  all  the  metals  tried,  bismuth 
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and  antimony  form  the  most  powerful  combination.  A  single 
pair  of  bars  having  one  of  their  junctions  heated  in  the  manner 
shown  in  fig.  75  can  dcvelope  a  current  strong  enough  to  deflect  a 
compass  needle  placed  within ;  and,  by  arranginc  a  nimiber  in  a 
series  and  heating  their  alternate  ends,  the  intensity  of  the  current 
may  be  very  much  increased.  Such  an  arrangement,  represented 
in  fig.  76,  is  called  a  thermo-electric  pile. 


ng.75. 
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The  current  produced  by  this  instrument,  even  with  a  great 
number  of  alterations,  is  exceedingly  feeble  when  compared  with 
that  produced  by  the  voltaic  pile;  but  the  thennomultiplier  placed 
in  contact  with  a  delicate  calvanoscope  forms  an  instrument  for 
measuring  small  variations  of  temperature,  far  surpassing  in  delicacy 
the  most  sensitive  air-thermometer :  it  has  rendered  most  important 
service  in  the  study  of  radiant  heat 


ANIMAL  ELSGTRIGITT. 

Certain  fishes,  as  the  torpedo  or  electric  ray  and  the  electric  eel 
(Crymnotus  electricuijy  of  South  America,  are  furnished  with  a 
special  organ  or  apparatus  for  developing  electric  force,  which  is 
employed  in  defence,  or  in  the  pursuit  of  prey.  Electricity  is  here 
seen  to  be  closely  connected  with  nervous  power;  the  shock  is 
given  at  the  will  of  the  animal,  and  great  exhaustion  follows 
repeated  exertion  of  the  power. 


PART  IL 

CHEMISTRY  OF  ELEMENTARY  BODIES. 

It  is  convenient  for  many  reasons  to  commence  the  stndj  of  the 
elementary  bodies  with  those  which  enter  into  the  composition  of  air 
and  water. 

OXYGEN. 

Atomic  weighty  16. — Symbol,  0. 

OxTGEN  was  discovered  in  the  year  1774,  by  Scheele,  in  Sweden* 
and  Priestley,  in  England,  independently  of  each  other,  and  described 
under  the  terms  empyreal  air  and  depklogisticated  air.  The  name 
ojiTgen*  was  given  to  it  by  Lavoisier  some  time  afterwards.  Oxygen 
exists  in  a  free  and  uncombined  state  in  the  atmosphere,  mixed  with 
another  gaseous  body,  nitrogen.  No  very  good  direct  means  exist, 
however,  for  separating  it  from  the  latter ;  and,  accordingly,  it  is 
always  obtained  for  purposes  of  experiment  by  decomposing  certain 
of  its  compounds,  which  are  very  numerous. 

The  red  oxide  of  mercury,  or  red  precipitate  of  the  old  writers, 
may  be  employed  for  this  purpose.  In  this  substance  the  attraction 
which  holds  together  the  mercury  and  the  oxygen  is  so  feeble,  that 
simple  exposun^.  to  heat  suffices  to  bring  about  decomposition. 

The  red  precipitate  is  placed  in  a  short  tube  of  hard  glass,  to 
which  is  fitted  a  perfomted  cork,  furnished  with  a  piece  of  narrow 
glass  tube,  bent  as  in  fig.  77.  The  heat  of  a  spirit-lamp  being 
applied  to  the  substance,  decomposition  speedily  commences,  ana 
gtobides  of  metallic  inereury  collect  in  the  cool  part  of  the  wide 
tube,  which  answers  the  purpose  of  a  retort,  while  gas  issues  in  con- 
siderable quantity  from  the  apparatus.  This  gas  is  collected  and 
examined  by  the  aid  of  the  pneumatic  trough,  which  consists  of  a 
vessel  of  water  provided  with  a  shelf,  upon  which  stand  the  jars  or 
bottles  destined  to  receive  the  gas,  filled  with  water  and  inverted. 
By  keeping  the  level  of  the  liquid  above  the  mouth  of  the  jar,  the 
water  is  retained  in  the  latter  by  the  pressure  of  the  atmosphere, 
and  entrance  of  air  is  prevented.  When  the  jar  is  brought  over  the 
axtiemity  of  the  gas-delivery  tube,  the  bubbles  of  gas,  rismg  through 

*  From  6}^b,  acid,  and  ytv,  a  root  eignifying  production. 


the  water,  collect  in  the  nppei  put  of  the  jais  and  diiplace  the 
liquid.  A«  Boon  as  one  jar  is  fiAed,  it  laaj  oe  removed,  ttill  kan»- 
iiw  its  mouth  below  the  watei-level,  and  another  aubatituted.  The 
whole  anangemeat  b  shown  in  fig.  77. 


The  expeTiment  here  described  is  n 
of  the  Tesolution  by  dmple  means  of  a^jiompound  body  into  ita 
conatitnents,  than  valuable  bb  a  Hource  of  oxygen  gaa,  A  better 
and  more  economical  method  is  to  eipose  to  heat  in  a  retort,  or 
fiask  famished  with  a  bent  tube,  a  portion  of  the  salt  ctjled 
potaasiam  chlorate.  A  common  Florence  flask  serves  perfectly 
well,  the  heat  of  the  spirit.lamp  being  sufficient.  The  Mlt  melle 
and  decompoees  with  ebullition,  yiel^ng  a  very  lai{^  quontilT  of 
oxygen  gas,  which  may  be  collected  in  the  way  above  described. 
The  first  portion  of  the  gas  often  contains  a  little  chlorine.  The 
white  saline  reudue  in  the  Qaek  is  potassium  chloride  This  plan, 
which  is  very  easy  of  execution,  is  always  adapted  when  very  pure 
gas  is  requiied  for  analytical  purposes. 

A  third  method,  very  good  when  perfect  purity  is  not  demanded, 
is  to  heat  to  redness,  in  an  iron  retort  or  gun-bairel,  the  black  man- 
nneie  oxide  of  commerce,  which  under  Uiese  circumstances  suffers 
decomposition,  although  not  to  the  extent  manifest  in  the  red 
precipitate. 

If  a  little  of  the  black  manganese  oxide  be  finely  powdered  and 
mixed  with  potassium  chlorate,  and  this  mixture  heat«d  in  a  fiask 
or  retort  by  a  lamp,  oxygen  will  be  disengaged  with  the  utmost 
EncUity,  and  at  a  tar  lower  temperature  man  when  the  chlorate 
alone  is  naed,    AU  tlie  oxygen  comes  from  the  chlorate,  the  man- 


118 


oxiojuf; 


sanese  remaining  qtiite  unaltered.  The  materialB  should  be  well 
dried  in  a  capsule  before  their  introduction  into  the  flask.  This 
experiment  attbids  an  instance  of  an  effect  by  no  means  rarey  in 
which  a  body  seems  to  act  by  its  mere  presence,  without  taking 
any  obvious  part  in  the  change  brought  about. 

Methods  for  the  preparation  of  oxygen  on  a  hj^  scale  will  be 
found  described  under  the  heads  of  sulphuric  acid  and  barium 
dioxide. 

Whatever  method  be  chosen — and  the  same  remark  applies  to 
the  collection  of  all  other  gases  by  similar  means — ^the  first 
portions  of  gas  must  be  suffered  to  escape,  or  be  received 
apart,  as  they  are  contaminated  by  the  atmospheric  air  of  the 
apparatus. 

The  practical  management  of  gases  is  a  point  of  great  importance 
to  the  chemical  student,  and  one  with  wnich  he  must  endeavour 
to  familiarise  himself.  The  water-trouffh  just  described  is  one  of 
the  most  indispensable  articles  of  the  laboratory,  and  by  its  aid  all 
experiments  on  gases  are  carried  on  when  the  gases  themselves  are 
not  sensibly  act^  upon  bv  water.  The  trough  is  best  constructed 
of  japanned  copper,  the  form  and  dimensions  being  regulated  by 
the  magnitude  of  the  jars.  It  should  have  a  firm  shelf,  so  ar- 
ranged as  to  be  always  about  an  inch  below  the  level  of  the  water, 
and  in  the  shelf  a  groove  should  be  made  about  half  an  inch 
in  width,  and  the  same  in  depth,  to  admit  the  extremity  of 
the  delivery-tube  beneath  the  jar,  which  stands  securely  upon 
the  shelf.  When  the  pneumatic  trough  is  required  of  tolerably 
larce  dimensions,  it  may  with  great  advantage  have  the  form 
and  dispositions  represented  in  fig.  78.  The  end  of  the  groove 
spoken  of,  which  crosses  the  shelf  or  shallow  portion,  is  shown 


at  a. 


Fig.  78. 


Oases  are  transferred  from  jar  to  jar  with  the  utmost  facility, 
by  first  filling  the  vessel,  into  wnich  the  gas  is  to  be  passed,  with 
water,  inverting  it,  carefully  retaining  its  mouth  below  the  water- 
level,  and  then  bringing  beneath  it  the  aperture  of  the  jar  contain- 


Bhelf,  and  filled  ft  ith  ^  il                   ^if  - 

vay.     If  the  trouf,h  f  ,  ■                          >■ 

h  for  this  method  of  (    >!  ^^           ^^  )    ) 

>uth  may  be  appLed  Xi^^^^^=^^=^^^^^^B^- 

nd  the  vessel  hlted  ^^^^^s^i^W^^^ 


ing  the  gas.  On  gently  inclining  the  latter,  the  gas  passes  by  a 
kind  of  inverted  decantation  into  the  second  vessel  W}ien  the 
latter  is  narrow,  a  funnel  may  be  placed  loosely  in  its  neck,  by 
which  loss  of  gas  will  be  prevented, 

A  jar  wholly  or  partially  filled  with  gas  at  tile  pneumatic  trough 
mayoe  removed  by  placing  beneath  it  a  shallow  ba^in,  or  even  a 
common  plate,  so  as  to  cany  away  enough  water  to  cover  the 
edge  of  the  jar,'  and  many  ^ases,   especi^y  oxygen,   may  be  bo    ' 
preserved  for  many  hours  without  material  injury. 

Qas-jars  are  often  capped  at  the  top, 
and  fitted  with  a  stop-cock  for  trans- 
ferring a»s  to  bladders  or  caoutchouc 
bogs.      When   such  a  vessel   is   to   be 
filW  with  water,  it  may  be  slowh  sunk 
in  an  upriglit  position  in  the  well  of 
the   pneumatic   trough,    the   sl^ip-  ock 
being  open  to  allow  the  air  to  escape 
until  the  water  reaches  the  brass  cap 
The  cock  is  then  to  be  turned,  and  the 
jar  lifted  upon  the  shelf,  and  filled  n 
gas  in  the  usual  way.     ""    " 
be  not  deep  enough  fi 
proceeding,  the  moutl 
to  the  stop-cock,  and  t 
b^  sucking  out  the  air  until  the  i 
nses  Xa  the  cap.     In  all  cases  it  la  proper  to  avoid  as  much  possible 
wetting  the  stop-cocks,  and  other  brass  apparatus. 

Mr.  Pepys  contrived  many  years  ago,  an  admirable  piece  of  appar- 
atus for  skiring  and  retaining  large  quantities  of  goa.  ''  -  '  -' 
a  drum  or  reservoir  of  sheet  copper,  sur- 
mounted by  a  shallow  trough  or  cistern,  the 
communication  between  the  two  being  made 
by  a  couple  of  tubes  furnished  wth  slop-cocks, 
one  of  which  pasaes  nearly  to  the  bottom  of  the 
drum,  aa  shown  in  ti^,  60.  A  short  wide  open 
tube  is  inserted  obliquely  near  the  bottom 
of  the  vessel,  into  whien  a  plug  may  be  tightly 
screwed.  A  stop-cock  near  the  top  serves  to 
transfer  gas  to  a  bladder  or  tube-apparatus. 
A  glass  water-gauge  affixed  to  the  side  of  the 
drum,  and  commimicating  with  both  top  and 
bottom,    indicates  the    level    of   the  liquid 

To  use  the  gas-holder,  the  plug  is  first  to 
be  screwed  into  the  lower  opening,  and  the 

dram  completely  filled  with  water.  All  three  stop-cocks  are  then 
to  be  closed  and  the  plug  removed.  The  pressure  of  the  atmo- 
sphere retains  the  water  in  the  gas-holder,  and  if  no  air-leaks^ 
occtira,  the  escape  of  water  is  inconsiderable.    The  extremity  of  the 


It  consists  of 


ng.«i. 


deliTei7-talM  ia  now  to  b*  wsU  imhed  Hmn^  die  open  . 
into  the  drum,  m  that  tlie  babble*  of  gut  taaj  riaa  wililuMit  hin- 
diuice  to'tbe  appet  port,  diqtUdns  tlie  watar,  which  flowa  oat  in 
the  same  proportion  mto  a  venel  plaoed  for  ita  reception.  When 
the  drum  u  filled,  or  enoogb  gM  hat  been  oollected,  the  tube  is 
withdrawn  and  the  ping  aciewea  into  its  place. 

When  a  poTtian  <»  tlu  puieto  be  taaoaCamdtaajap,  thelatter 
ia  to  be  flUed  with  water  at  the  pnemnatio  tron^,  canied  by  the 
help  of  «  bemn  ta  plate  to  the  deteru  <u  the 
«»holder,  and  placed  over  the  ihorter  tnbe. 
On  opening  the  cock  of  the  neishboaring 
tube,  the  hjdiojtatio  praanie  of  the  column 
of  water  will  canee  comprafldan  of  the  gas, 
and  increase  its  elastic  force,  so  that,  on 
gaitly  tuming  the  cock  beneath  the  jar,  it 
will  aacend  into  the  latter  in  a  rapid  itreun 
of  bnbblea.  The  jar,  when  filled,  ma^  again 
have  the  plate  supped  beneath  it,  ana  be 
removed  without  oimcultv. 

PropertiM  of  Ozwfn. — OzTgen,  when  free 
IT  uncombinei,  ia  known  only  in  the  gas- 
eous state,  all  attempts  to  reduce  it  to  the  liquid  or  solid  condition 
by  cold  and  pressure  having  completely  Mled.  When  pure,  it  is 
coloiirless,  tasteless,  and  inodorouB. 

Oxygen  is,  hulk  for  hulk,  a  little  heavier  tlian  stmoBpheric  air, 
its  speciSc  gravity  being  l'io&63,  referred  to  that  of  air  bb  unity, 
and  16  tefetred  to  that  of  hydrogen  as  unity.  A  litre  of  oxygen  at 
the  standard  temperature  and  presBure,  that  is  to  say,  at  0°  C,  and 
760  millimeterB  barometric  piesBuie,  weighs  1'4302S  gram.  At 
IO'S°  C,  (60°  FA  and  under  a  pressure  of  30  inches,  100  cubic  inches 
of  the  gas  weigh  34'29  grains. 

Oiygen  ia  tne  auBtoining  principle  of  animal  life,  and  of  all  the 
ordinary  phenomena  of  combustion.  Bodies  which  bum  in  the  air, 
bum  with  greatly  increased  splendour  in  oxygen  gas.  If  a  taper  be 
blown  out,  and  then  introduced  while  the  wick  remains  red-hot,  it 
is  instantly  rekindled ;  a  slip  of  wood  or  a  match  is  relighted  in 
the  same  manner.  This  effect  is  highly  characteristic  of  oxygen, 
there  bein^  hut  one  other  goa  which  possesaes  the  same  property; 
and  this  la  easily  distinguiBhed  bv  other  meona.  The  eiperi- 
ment  with  the  match  is  also  constantly  used  as  a  rude  lest  of  the 
purity  of  the  gas  when  it  is  about  to  be  collected  from  the  retort,  or 
when  it  has  stood  for  some  time  in  contact  with  water  exposed  to 

When  a  bit  of  charcoal  is  affixed  to  a  wire,  and  plunged  with  a 
single  point  red-hot  into  a  jar  of  oxygen,  it  bums  with  great  bril- 
liancy, throwing  off  beautiful  scintillations,  until,  if  the  oivgen  be 
in  excess,  it  is  completely  conaumed.  An  iron  wire,  or,  atill  better, 
a  steel  watch-spring,  armed  at  its  extremity  with  a  bit  of  lighted 
unadoo,  and  introduced  into  aveaeel  of  oxygen  gas,  exhitnts  a  most 
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beautiful  phenomenon  of  comhastdon.  If  the  experiment  be  made 
in  a  jar  standing  on  a  plate,  the  fused  globules  of  black  iron  oxide 
fix  themselvea  in  the  claze  of  the  latter,  after  falling  through 
a  stratum  of  water  half  an  inch  in  depth.  Kindled  sulphur 
bums  with  great  beauty  in  oxygen;  and  phosphorus,  under 
similar  circumstances,  exhibits  a  splendour  which  the  eye  is 
scarcely  able  to  support.  In  each  case  the  burning  body  enters 
into  combination  witn  the  oxygen,  forming  a  compound  called  an 
oxide. 

When  a  body  bums  in  oxy^n  gas  the  same  ultimate  effect  is 
produced  as  in  atmospheric  air;  the  action  is,  however,  more 
energetic,  from  the  absence  of  the  gas  which,  in  the  air,  dilutes  the 
oxygen  and  enfeebles  its  chemical  powers.  The  process  of  respira- 
tion in  animals  is  an  effect  of  the  same  nature  as  common  combus- 
tion. The  blood  contains  substances  which  slowly  bum  by  the 
aid  of  the  oxy^n  thus  introduced  into  the  system.  When  this 
action  ceases,  Ule  becomes  extinct. 

Ozone. — It  has  long  been  known  that  dry  oxygen,  or  atmospheric 
air,  when  exposed  to  tne  action  of  a  series  of  electric  sparks,  emits 
a  peculiar  and  somewhat  metallic  odour.  The  same  odour  may  be 
imparted  to  moist  oxygen  by  allowing  phosphorus  to  remain  for 
some  time  in  it,  and  by  several  other  processes.  A  more  accurate 
examination  of  this  odorous  air  has  shown  that,  in  addition  to  the 
smell,  it  possesses  several  properties  not  exhibited  by  oxygen  in  its 
ordinary  state.  One  of  its  most  characteristic  effects  is  the  liberation 
of  iodine  from  potassium  iodide.  This  odorous  principle  has  been 
the  subject  of  manpr  researches,  in  particular  by  Schonbein,  of  Basle, 
who  proposed  for  it  the  name  of  ozone.* 

An  easy  method  of  exhibiting  the  production  of  ozone  is  to  trans- 
mit a  current  of  oxygen  through  a  tube  into  which  a  pair  of  platinum 
wires  is  sealed,  with  the  points  at  a  little  distance  apart ;  on  con- 
necting one  of  the  wires  with  the  prime  conductor  oi  an  electrical 
machine  in  good  action,  and  the  other  with  the  ground,  the  charac- 
teristic odour  of  ozone  is  immediatelv  developed  in  the  issuing 
gas;  but,  notwithstanding  the  powerful  odour  tnus  produced,  only 
a  small  portion  of  the  oxygen  imdergoes  this  change.  Andrews  and 
Tait  have  shown  that,  to  ootain  the  maximum  of  ozone,  it  is  neces- 
sary to  transmit  the  discharge  silently,  between  very  fine  points ; 
if  sparks  are  allowed  to  pass,  a  considerable  portion  of  the  ozone  is 
reconverted  into  ordinary  oxygen  as  fast  as  it  is  formed.  Siemens 
prepares  ozone  by  induction :  he  forms  a  sort  of  Leyden  jar,  by 
coating  the  interior  of  a  long  tube  with  tin-foil,  and  passes  over 
this  tube  a  second  wider  tube  coated  with  tin-foil  on  its  outer  surface. 
Between  the  two  tubes  a  current  of  pure  dry  oxygen  is  passed,  which 
becomes  electrified  by  induction,  on  connecting  tne  inner  and  outer 
coating  with  the  terminal  wires  of  an  induction-coil ;  by  this  means 

•  From  Bl^ew,  to  emit  an  odour. 
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it  is  said  tliat  from  10  to  15  per  cent  of  tibe  oxygen  may  be  converted 
into  ozone. 

Ozone  may  also  be  obtained  in  several  ways,  without  tbe  aid 
of  electricity;  thus  it  is  formed  in  smaU  Quantity  when  a  stick 
of  phosphoras  is  suspended  in  a  bottle  nlled  with  moist  air; 
in  tne  electrolytic  decomposition  of  water;  and  by  the  action  of 
strong  sulphuric  add  on  potassium  permanganate.  There  has 
been  considerable  discussion  about  the  nature  and  composition 
of  ozone;  but  the  most  trustworthy  experiments  seem  to  show 
that,  in  whatever  way  produced,  it  is  merely  a  modified  form  of 
oxygen. 

Ozone  is  insoluble  in  water  and  in  solutions  of  acids  or  alakalies, 
but  is  absorbed  by  a  solution  of  potassium  iodide.  Air  charged 
with  it  exerts  an  irritating  action  on  the  lungs.  Ozone  is  decom- 
posed by  heat,  gradually  at  IOC/',  instantly  at  29(f  .  It  is  an  ex- 
tremely powerful  oxidinng  agent ;  possesses  strong  bleaching  and 
disinfecting  powers  ;  corrodes  cork,  caoutchouc,  and  other  organic 
substances ;  and  rapidly  oxidises  iron,  copper,  and  even  silver  when 
moist,  as  well  as  dry  mercury  and  iodine.  It  is  remarkable  that 
the  absorption  of  ozone  by  these  and  other  agenjts  is  not  attended 
with  any  contraction  of  volume.  The  explanation  of  this  fact 
appears  to  be,  that  oxygen  when  ozonised  diminishes  in  volume 
(in  the  proportion  of  3  to  2,  according  to  Soret),  and  that  when 
the  ozone  is  decomposed  by  a  metal  or  other  substance,  one 
portion  of  it  enters  into  combination,  while  the  remainder,  which 
IS  set  free  as  ordinary  oxygen,  occupies  the  same  bulk  as  the  ozone 
itsel£ 

The  most  delicate  test  for  the  presence  of  ozone  in  any  gas  is 
afforded  by  a  strip  of  paper  moistened  with  a  mixture  of  starch  and 
solution  of  potassium  loaide.  On  exposing  such  paper  to  the  action  of 
ozone,  the  potassium  iodine  is  decomposed,  its  potassium  combin- 
ing with  oxygen,  while  the  iodide  is  liberated,  ana  forms  a  deep  blue 
compound  with  the  starcL  Now,  when  paper  thus  prepared  is 
exposed  to  the  open  air  for  five  or  ten  minutes,  it  often  acquires  a 
blue  tint,  the  intensity  of  which  varies  on  diff'erent  days.  Hence 
it  is  supposed  that  ozone  is  present  in  the  air  in  variable  quantity. 
But  iodine  may  be  liberated  from  potassium  iodide  by  mlmy  other 
ajzents,  especially  by  certain  oxides  of  nitrogen,  which  are  very 
likely  to  be  present  in  the  air  in  minute  quantities:  hence  the 
existence  of  ozone  in  the  air  cannot  be  proved  by  this  reaction 
alone. 

Houzeau  has,  however,  shown  that  a  solution  of  potassium  iodide 
exposed  to  the  air  in  the  open  country  becomes  alkaline;  an 
effect  which  cannot  be  attributed  to  nitrous  acid.  Moreover, 
Andrews  finds  that  the  constituent  of  the  air  which  sei)arates 
iodine  from  potassium  iodide  is  destroved  by  the  same  influences 
as  ozone,  viz.,  by  a  temperature  of  237*,  or  by  contact  with  man- 
ganese dioxide  and  other  peroxides.  The  presence  of  ozone  in  the 
air  can  therefore  no  longer  be  doubted. 
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Oxides.— General  Laws  of  Ghemical  Combination.— 
Ohemical  Nomenclature  and  Notation.— The  compounds  formed 
by  the  union  of  oxygen  with  other  bodies  bear  the  general  name  of 
oxides;  they  are  very  numerous  and  important.  They  are  conveniently 
divided  into  three  principal  groups  or  classes.  The  first  division 
contains  all  those  oxides  which  resemble  in  their  chemical  relations 
the  oxides  of  potassium,  sodium,  silver,  or  lead:  these  are  denominated 
alkaline  or  basic  oxides.  The  oxides  of  the  second  group 
have  properties  opposed  to  those  of  the  bodies  mentioned;  the 
oxides  of  sulphur  and  phosphorus  may  be  taken  as  typical  repre- 
sentatives of  the  class ;  they  are  called  acid  o  x  i  d  e  s,  and  are  capable 
of  uniting  with  the  basic  oxides,  and  forming  compounds  called 
salts.  Thus,  when  the  oxide  of  sulphur,  called  sulphuric  oxide,  is 
passed  in  the  state  of  vapour  over  heated  barium  oxide,  combination 
takes  place,  attended  with  vivid  incandescence,  and  a  salt  called 
barium  sulphate  is  produced,  containing  all  the  elements  of  the  two 
original  booies,  namely,  barium,  sulphur,  and  oxygen. 

There  is  also  an  intermediate  group  of  oxides  called  neutral 
oxides,  from  their  slight  disposition  to  enter  into  combination. 
The  black  oxide  of  manganese,  already  mentioned,  is  an  excellent 
example.  It  must  not  be  supposed,  however,  that  the  three  groups 
of  oxides  just  mentioned  are  separated  from  each  other  by  decided 
lines  of  demarcation ;  on  the  contrary,  they  blend  into  one  another 
by  imperceptible^degrees,  and  the  same  oxide  may,  in  many  cases, 
exhibit  either  acid  or  basic  relations,  according  to  the  circumstances 
under  which  it  is  placed. 

Among  salts  there  is  a  particular  group,  namely,  the  hydro- 
sen  salts,  containing  the  elements  of  an  acid  oxide  and  water 
(nydrogen  oxide),  which  are  especially  distinguished  as  acids, 
because  many  of  them  possess  in  an  eminent  degree  the  properties 
to  which  the  term  acid  is  generally  applied,  such  as  a  sour  taste, 
corrosive  action,  solubilitv  in  water,  and  the  power  of  reddening 
certain  blue  vegetable  colours.  A  characteristic  property  of  these 
acids,  or  hvdrogen  salts,  is  their  power  of  exchanging  their  hydrogen 
for  a  metal  presented  to  them  in  the  free  state,  or  in  the  form  of 
oxide.  Thus,  sulphuric  acid,  which  contains  sulphur,  oxygen,  and 
hydrogen,  readily  dissolves  metallic  zinc,  the  metal  taking  the  place 
of  the  bydrogen,  which  is  evolved  as  gas,  and  forming  a  salt  contain- 
ing sulphur,  oxygen,  and  zinc ;  in  fact,  a  zinc  sulphate^  produced 
from  a  hydrogen  sulphate  bv  substitution  of  zinc  for  hydrogen. 
The  same  substitution  and  ^rmation  of  zinc  sulphate  take  place 
when  zinc  oxide  is  brought  into  contact  with  sulphuric  acid ;  but 
in  this  case  the  hydrogen,  instead  of  being  evolved  as  gas,  remains 
combined  with  the  oxygen  derived  from  the  zinc  oxide,  forming 
water. 

A  series  of  oxides  containing  quantities  of  oxygen  in  the  propor- 
tion of  the  numbers  1,  2,  3,  united  with  a  constant  quantity  of 
another  element,  are  distinguished  as  monoxidey  dioxide,  and  trioxide 
respectively,  the  Qreek  numerals  indicating  the  several  degrees  of 
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■ 

■ 
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^^ 

w 
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oxidfitioii. 

called  a  itn^iocidii,  i.g.  :— 

betwoon 

a  monoxide  end  a 

Clinimium  monoxide,     . 
Clii-Dmiiiru  86811  uioiiiie, 
Chroiuiuni  dioxide, 
Cliromium  tiioxide, 

52-5    '+ 
BB-5     + 
&i-5     + 
6S-5     + 

Oirftn. 
16 

4a 

When  a  metal  forroB  two  baato  or  wlifiable  oxides,  they  ate 
distinguished  bj  adjectival  terms,  ending  in  Qua  iai  the  lower,  and 
W  for  tlie  liigher  degree  of  oxidatioii,  *^. : — 


Iron  BesquioJtide,  or  Ferric  oxide,      .        .        80     +     24 

The  salts  reaiiltiDg  from  the  action  of  acids  on  these  oxideg  ate  also 
distin^ruished  aa  ferrous  and  ferric  salts  respectively. 

Acid  oxides  of  the  lame  element,  sulphur  far  example,  are  also 
distinguished  hv  the  tfrminations  ous  and  ic,  appliea  us  above ; 
their  acids,  or  hydrogen  salts,  receive  carrespoiiiling  names ;  nnd, 
the  saltH  farmed  from  these  auidx  are  diistin'fui^hKil  l>y  iiamea  ending 
in  tie  and  ate  respectively.  Thus,  for  the  oiidt-s  and  salts  ot 
aulphiu'  :— 

flnlphnr.       Oxtkod. 

Sulphurous  oKide,    .        .        .        .        32  -I-  32 

Hydrogen  sulphite,  or  Sulphoroas  acid,  32  +  48  -]-  i 

Lead  sulphite 32  +  48  +  207 

Sulphuric  oxide,       .         .         .         .         38  +  48 

Hydrogen  sulphate,  or  Sulphuric  acid,     32  +  64  +  & 

Lead  sulphate          ,        .                .        32  +  64  +  307 

The  acids  above  spoken  of  are  oxygen-acida  ;  and  formerly  it  was 
supposed  that  all  acids  contained  oxygen — that  element  being,  in- 
deed, regarded  as  the  acidifying  principle  :  hence  its  name  (p.  1 16). 
At  present,  however,  we  are  acquainted  with  many  hodiea  which 
possess  all  the  characters  above  specified  as  belonging  to  an  acid,  and 
yet  do  not  contain  oxygen.  Foreiample,  hydrochlonc  acid  (fonnerly 
called  murietio  acid,  or  spirit  of  ealt^which  is  a  hydrogen  chloride 
or  compound  of  hydrogen  and  chlonne^is  intensely  soiu'  and  corro- 
sive ;  reddens  litmus  Btronelj ;  dissolvea  zinc,  which  drives  out  the 
hydrogen  and  takes  its  place  in  combination  with  the  chlorine, 
forminc  rinc  chloride  ;  and  dissolves  most  metallic  oxides,  exchang- 
ing its  hydrogen  for  the  metal,  and  forming  a  metallic  chloride  and 
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Bromine,  iodine,  and  fluorine,  also  form,  with  hydrogen,  add 
compounds  analogous  in  every  respect  to  hydrochloric  acid. 

Compounds  of  chlorine,  bromine,  iodine,  fluorine,  sulphur,  sele*- 
nium,  phosphorus,  &c.,  with  hydrogen  and  metals,  are  grouped, 
like  the  oxygen-compounds,  by  names  ending  in  ide :  thus  we 
speak  of  zinc  chloride,  calcium  fluoride,  hydrogen  sulphide,  copper 
pnosphide,  &c.  The  numerical  prefixes,  rrumoy  di,  tr%,  &c.,  as  also 
the  terminations  ovs  and  tc,  are  applied  to  these  compounds  in  the 
same  manner  as  to  the  oxides,  thus — 

Hydrogen.       Bromine. 
Hydrogen  bromide,  ....        1       +       80 


Potassium 
Potassium 
Potassium 
Potassium 
Potassium 


monosulphide, 
disulphide, 
trisulphide,     . 
tetrasulphide, 
pentasuiphide, 


Ferrous  chloride^ 
Ferric  chloride, 


PotaMinm 

Salphnr. 

78-2 

+       32 

78-2 

+       64 

78-2 

+       96 

78-2 

+     128 

78-2 

+     160 

Iron. 

Chlorine. 

56 

+       71 

56 

+     105-5 

Tin. 

Sulphur. 

118 

+       64 

118 

+     128 

Stannous  sulphide, 118 

Stannic  sulphide, 118 

The  Latin  prefixes  uni,  hi,  ter,  quadro,  &c.,  are  often  used  instead 
of  the  corresponding  Greek  prefixes ;  there  is  no  very  exact  rule 
respecting  their  use ;  but,  generally  speaking,  it  is  best  to  employ 
a  Greek  or  Latin  prefix,  according  as  the  word  before  which  it  is 
placed  is  of  Greek  or  Latin  origin.  Thus,  dioxide  corresponds  with 
otsulphide ;  on  the  whole,  however,  the  Greek  prefixes  are  most 
generally  employed. 

The  composition  of  these  oxides  and  sulphides  affords  an  illustra- 
tion of  a  law  which  holds  good  in  a  large  number  of  instances  of 
chemical  combination,  viz.,  that  when  two  bodies,  A  and  B,  are 
capable  of  uniting  in  several  proportions,  the  several  quantities  of  B 
ukich  combine  with  a  given  or  constant  quantity  of  A  stand  to  one 
another  in  very  simple  ratios.  Thus,  the  several  quantities  of  sulphur 
whicTi  unite  with  a  given  quantity  (78-2  parts)  of  potassium  are  to 
one  another  as  the  numbers 


1, 


2, 


3, 


4, 


5; 


and  the  quantities  of  oxygen  which  unite  with  a  given  quantity  of 
chromium  are  as  the  numbers. 


1, 

or  2, 


3, 


% 
4» 


3, 

6. 


It  mnst  be  especially  observed  that  no  compounds  are  knoWn 
interitaediate  in  composition  between  those  which  are  represented  l^ 
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these  nufflben.  There  ia  no  oxide  of  chroniium  contBinin^  1^  or 
Ig  nt  2j  times  as  much  oxTgen  as  the  lowest ;  no  sulphiile  of 
pota&!iJuni  the  quuntitj'  of  Bulphoi  ia  whivh  is  expreased  h^  onjr 
fiactioDal  nioltiple  of  the  loweet.  The  iiuantitiee  of  the  one  element 
which  can  unite  with  &  constant  quantity  of  the  other,  increase,  not 
continuously,  hut  hj  Buccesaive  and  weU-deflned  stepa  or  increment*, 
atanding  to  one  another,  for  the  most  part,  in  Himple  numerical 

This  ip  called  the  "Law  of  Mnltiples."  The  obsen-ation  of  it 
haa  led  tu  the  idea  that  the  elemental;  bodies  arc  compoaed  of  ulti- 
mate or  indiviaihlE  particles  or  atoms,  each  httvingaconfltant  weight 
peculiar  to  itself  (the  atomic  weights  given  in  tlie  table  on  page  3} 
and  tliiit  uombination  between  two  elements  takea  place  by  the 
juxtapoailion  of  theiie  atoms.  A  collection  of  elemeutaiy  atoms 
nnited  Uigether  to  fonn  a  compound  conatitutes  a  molecule,  the 
weight  of  which  is  equal  to  the  snm  of  the  weights  of  its  component 
atoms.  Thus  an  atom  of  chlorine  weighing  35'S  unitea  with  an 
atom  of  hydrogen  weighing  1,  to  form  a  molecule  of  hydrogen- 
cUlciride  weighing  36'5.  An  atom  of  oxygen  weighing  16  nnites 
with  2  atoms  of  hydrogen,  each  weighing  1,  to  form  a  molecule  of 
water,  wpifjhinK  16  +  2  .  1  =18.  An  atom  of  oiTRen,  weigbint;  16, 
unites  with  :m  al.mi  of  k-n'5,  wfi-hing  2(tT,  ti.  ff>ntiii  liK.leaile  of  lead 
oxide,  weighing  223.  Two  atoms  of  potassium,  each  weighing  391, 
unite  with  1,  2,  3,  4,  and  C  atoms  of  sulphur,  each  weighing  32,  to 
form  the  several  sulphides  enumerated  on  page  123. 

These  combinations  are  represented  symbolically  by  the  jmtaposi- 
tion  of  the  symbols  of  the  elementary  atoms  given  in  the  table 
already  referred  to  ;  thus  the  molecnle  of  hydrogen  chloride,  com- 

Eosed  of  1  atom  of  hydrogen  and  1  atom  of  chlorine,  is  Tepresented 
y  the  symbol  or  formula  HCl ;  that  of  wat«t  (S  atoins  of  nydro^n 
and  1  atom  of  oxygen),  by  HHO,  or  more  shortly  HjO.  In  like 
manner  the  different  oxides  and  sulphides,  acids  and  salts  above 
enumerated,  are  represented  symbolicaUy  as  follows : — 

Chromium  monoxide,    . 
Chromium  sesquioxide. 
Chromium  dioxide, 
Ctiromium  trioxide, 
Sulphurous  oxide. 
Hydrogen  sulphite  or  Sulphurous 


Lead  sulphite. 

Potassium  monosulphide, 
Potassium  disulphide,  , 
Potassium  trisulphide,  . 
Potassium  totrasulphiile. 
Potassium  pentasulphide, 

A  gioap  of  two  01  more  atoms  of  the  same  element  is  denoted  by 


CrO 

OrCrOOO 

rCrA 

CrOO 

rCr'o* 

CrOOO      or  Cr  0'. 

SOO 

rSO, 

SOOOHH 

rSO,H, 

SOOOPb 

;lt' 

KKS 

KKSS 

rK,S, 

KKSSS 

r^S 

KKSSSS 

rSs; 

KKSSSSSorKls: 
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placine  a  numeral  either  before  the  symbol,  or,  as  in  the  preceding 
ezampes,  a  small  numeral  to  the  right  of  the  symbol,  and  either 
above  or  below  the  line ;  thus  000  may  be  abbreviated  into 
30,  or  0^,  or  Oj, 

The  multiplication  of  a  ^up  of  dissimilar  atoms  is  denoted  by 
placins  a  numeral  to  the  left  of  the  group  of  symbols,  or  by  enclosing 
them  in  brackets,  and  placing  a  small  numeral  to  the  right :  thus, 
dHCl  or  (HC1)3  denotes  3  molecules  of  hydrogen  chloride  ;  2H^04 
denotes  2  molecules  of  hydrogen  sulphate. 

The  combination  of  two  groups  or  molecules  is  denoted  by  placing 
their  symbols  in  juxtaposition,  with  a  dot  between  them :  thua 
ZnO.SOs  denotes  a  compound  of  zinc  oxide  with  sulphur  trioxide  ; 
KjO.HjO,  a  compound  of  potassium  oxide  with  hydrogen  oxide  or 
water.  Sometimes  a  comma  or  the  sign + is  used  instead  of  the  dot. 
To  express  the  multiplication  of  such  a  group,  the  whole  is  enclosed 
in  brackets,  and  a  numeral  placed  on  the  left ;  e.g,  2(ZnO.S03J » 
3(Kfi,KJ0)f  &c.  If  the  brackets  were  omitted,  the  numeral  would 
affect  only  the  sjmbols  to  the  left  of  the  dot ;  thus  3K.O.H20 
signifies  3  potassium  oxide  and  1  water,  not  3  potassium  oxide  and 
3  water.* 

Equivalents. — It  has  been  already  stated  that  elements  can  replace 
one  another  in  combination  ;  thus,  when  hydrogen  chloride  is  placed 
in  contact  with  zinc,  the  zinc  dissolves  and  enters  into  combination 
with  the  chlorine,  while  a  quantity  of  hydrogen  is  evolved  as  gas. 
Now  this  substitution  of  zinc  for  nydrogen  ^ways  takes  place  in 
definite  proportion  by  weight,  32*6  parts  of  zinc  being  dissolved  for 
every  1  part  of  hydrogen  expelled.  In  like  manner  wnen  potassium 
is  thrown  into  water,  hydrogen  is  evolved  and  the  potassium  dis- 
solves, 39*1  parts  of  the  metal  dissolving  for  every  1  part  of  hydrogen 
given  off.  Again,  if  silver  be  dissolved  in  nitric  acid,  and  metsllic 
mercury  immersed  in  the  solution,  the  mercury  will  be  dissolved  and 
will  displace  the  silver,  which  will  be  separated  in  the  metallic 
state ;  and  for  every  100  parts  of  mercury  dissolved  108  parts  of 
silver  will  be  thrown  down.  In  like  manner  copper  will  displace 
the  mercury  in  the  proi>ortion  of  31*76  parts  of  copper  to  100  of 
mercury,  and  iron  wul  displace  the  copper  in  the  proportion  of  28 
parts  01  iron  to  31*75  parts  of  copper. 

These  are  particular  cases  of  the  general  law,  that,  when  on$ 
element  takes  the  pUice  of  another  in  combination^  the  substitution  or 
replacement  alxcays  takes  plfice  in  fixed  or  definite  proportions.  The 
relative  quantities  of  dinerent  elements  which  thus  replace  one 
another,  are  called  chemical  equivalents  or  equivalent 
numbers ;  they  are  either  identical  with  the  atomic  weights,  or 
simple  multiples,  or  submultiples  of  them.  For  example,  in  the 
substitution  of  potassium  for  hydrogen,  and  of  copper  for  mercury, 
and  of  iron  for  copper,  the  equivalents  are  to  one  another  in  the 

*  The  neglect  of  this  distinction  often  leads  to  considerable  confusion  in 
chemical  notation. 
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same  proportion  &■  the  atomic  weights,  as  may  he  seen  by  comparing 
the  numt>eT8  ju«t  given  with  those  in  the  table  on  mgs  3.  In  the 
Bubetitution  of  line  for  hydrogen,  on  the  other  hand,  the  quantitr 
of  zinc  wliich  takes  the  place  of  1  part  of  hydrogen  is  only  haU 
the  atomic  weight ;  similarly  in  the  8ub«titntion  of  mercury  for 

All  chemical  Teactions  consist  either  in  the  direct  addition 
or  p*paration  of  eleiuenta,  or  in  substitutions  like  those  jnst 
noticeil,  the  latter  being  by  far  the  moat  frequent  form  of  chemical 
chan^. 

Cfteiniwit  Equatione. — Chemical  reactions  may  be  represented 
Bymbolically  in  the  form  of  equations,  the  symbols  of  tlie  reacting 
Bubstfmces  being  placed  on  the  left  hand,  ancf  tiose  of  the  new  anfr 
Htaneea  resulting  from  the  change,  on  the  right :  for  example — 

1.  Besolution  of  mercuric  oxioe  by  heat  into  mercury  and  ojLygeu — 


2.  P.PHolution  of  manganeee  dioxide  by  heat  into  moganoso- 
manganic  oxide  and  oiygen — 

3MnO,  -  Mn,0,  +  0, 

3.  Action  of  zinc  on  hydrogen  chloride,  producing  zinc  chloride 
and  free  hydrogen — 

2HCT  +  Zn  -  ZnClg  +  H, 

4.  Action  of  one  on  hydrogen  sulphate,  producing  rinc  sulphate 
Bad  hydrogen — 

HiSO,  +  Zn  =  ZnSO,  +  H, 

B.  Action  of  zinc  oiide  on  hydrogen  cliloride  or  sulphate,  pro- 
ducing zinc  chloride  or  Bnlphat«  and  water — 

2Ha  +  ZnO  =  ZnCl,  +  H,0, 

Hi^O,  +  ZnO  =  ZnSO(  +  H,0 . 

It  need  scarcely  be  oheerred  that  tlie  test  of  correctness  of  such 
an  equation  is,  tnat  the  number  of  atoms  of  the  elements  on  one 
Rde  should  be  equal  to  the  number  of  atoms  of  the  some  element 
on  the  other  side 

Any  such  symbolical  equation  may  he  conYert«d  into  a  numerical 
equation,  by  substituting  for  each  of  the  chemical  symbols  its 
numerical  value  from  the  table  of  atomic  weights. 

The  laws  of  chemical  action  and  their  expression  by  symbols  and 
equations  will  receive  abundant  illustration  in  the  special  descrip- 
tf  DOS  which  follow ;  their  genei^l  consideralicn  will  also  be  mora 
tally  developed  in  a  subsequent  part  of  the  work. 
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Atomic  w«ig1)t,  1 ;  lymbol,  H. 

HrsROGEN  maj  be  obtained  for  experimental  pnrpoees  W  de- 
Dzidisiiig  water,  of  which  it  fonna  a  charaeteriatie  component* 

If  a  tube  of  iron  or  porcelain,  containing  a  quantity^  of  fillip  or 
tnmiDOT  of  iron,  be  fixed  across  a  furnace,  and  its  middle  portion 
he  made  red-hot,  and  then  the  vapour  of  water  paBaed  over  die 
heated  metal,  a  loi^  quantity  of  permanent  gas  will  be  disengaged 
from  the  tube,  and  tne  iron  will  be  converted  into  oiide,  and 
acquire  an  increase  in  weight.  The  gas  ia 
hjuragen  ;  it  may  be  collected  over  water  and 
examined. 

Uydrc^en  ie,  however,  more  easily  obtained 
bv  decompoaing  hydrochloric  or  dilute  aul- 
pnuric  acid  with  zinc,  the  metal  then  dis- 
placing the  hjdn^n  in  the  manner  already 
ei^oined  (p  ISS}. 

The  simplest  method  of  preparing  the  gaa 
ia  the  following : — A  wide-necked  bottle  is 
choeen,  and  fitted  with  a  sound  cork,  per- 
forated by  two  holes  for  the  reception  of  a 
email  tnbe'fuonel  reaching  nearly  to  the  bot- 
tom of  the  bottle,  and  a  piece  of  bent  glasst 
tube  to  convey  away  the  diaengoged  gaa. 
Granulated  zinc,  or  scraps  of  the  malle^le 
metal,  are  put  into  the  bottle,  together  with  a  little  water,  and 
sulphuric  acid  slowly  added  hj  the  funnel,  the  point  of  which 
should  dill  into  the  liquid.  The  evolution  of  gas  is  easily  regu- 
lated by  the  supply  of  acid  ;  and  when  enough  has  been  discharged 
to  expel  the  air  of  the  vessel,  it  may  be  collected  over  water  in  a 
jar,  or  passed  into  a  gas-holder.  In  the  abaence  of  zinc,  filings  of 
iron  or  small  naila  may  be  used,  but  with  less  advantage. 

Hydrogen  is  colourless,  tasteless,  and  inodorous  when  quite  pure. 


*  Hence  the  nsin«,  from  Map,  v&ter,  unci  ytr, 

i-A  littlp  imctice  vill  soon  ennble  the  pupil  to  constinct  and  aiTBiisa  a 
rsrirty  or  uaeful  tomK  of  sppm-atuB,  io  which  bottles,  and  other  articlea 
nlWBfa  at  hand,  are  maitn  to  supersede  mon  L'Ostly  iiiBtrumeiitB.  Gisaa 
tube,  pnrohsied  bv  wsight  of  tho  maker,  may  be  cut  hy  ncralehiuft  with  a 
file,  ami  tlien  applyinR  a  little  force  with  both  hands.  It  fliay  he  softened 
and  hent,  when  of  sniall  dimensions,  bv  the  fl«me  of  &  «pirit-lan: 
canillB,  or,  better,  by  a  rhs  jet.  Corlts  nisv  be  jwrforated  by  a  heati 
anil  the  hole  rendered  smooth  and  cylindrieal  by  a  roandOle;  ortheince..  . 
corlc-liorer  of  Dr.  Molir,  now  to  be  bnd  of  all  instrument  make™,  may  lie  need 
instead.  Lutly,  in  theevrnt  of  bad  attinjc,  or  unsoundtiexa  in  the  cork  itself 
a  little  yellow  wex  melted  over  the  snrface,  or  even  a  little  grease  applied 
with  the  finger,  lendera  it  sound  and  sir-tight,  vkea  not  exposed  to  hent. 


heated' wire. 
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To  obtain  it  in  this  condition,  it  muet  be  prepfttwi  from  the  pureiit 
zinr  tliQt  can  be  obtaineii,ai«lpiiasediiiaucceasion  through  eolutions 
of  potiwh  and  silver  nitrate.  When  prepared  from  commercial  zinc, 
it  hua  a  slight  smell,  which  is  due  to  impurity,  and  when  iron  lui« 
been  used,  the  odour  is  very  Btrong  and  disagreeable.  It  ie 
inflammable,  and  bums,  when  Kindled,  with  a  pale  yellowinh  flame, 
evolving  much  heal,  bm  very  little  light.  The  product  of  the  com- 
—••'—  'a  water.  Hydrogen  is  even  less  aoluble  in  water  limn 
osjgen,  and  has  never  been  liquefied.  Although  desti- 
tute of  poiflonouH  properliea,  it  is  incapable  of  siiBtain- 
inclife. 

Hvdrogeii  is  the  lightest  substance  known ;  Dumas 
and  BouEsingault  place  its  density  between  0'0691  and 
0'0696,  referred  to  that  of  air  as  unity.  The  weight  of 
a  litre  oE  hydrogen  at  0°  C,  and  under  a  barometric 
pressure  of  0'760  meter,  is  0'8f)61  gram  :  consequently  a 
m  of  hydrogen  occupies  a  space  of  iri5947  liters,* 
IB^"  C,  (6tf*  F.)  and  30  inches  barometric  pressure, 
luO  cubic  inches  wdgh  S'14  Kraina. 

Wben  a  gas  ia  much  lighter  or  much  heavier  than 
atmospheric  air,  it  may  often  be  collected  and  ei:amined 
without  the  nid  of  the  pneumiiljc  trough.  A  bottle  or 
niirrow  jiir  may  be  tilled  with  hvdrogeii  without  much 
aibjiixtiirp.  of  nir,   by  invprtinH   if    over    the    eilremity 

of  an  upright  tube  delivering  the  gas.  In  a  short  time, 
supply  be  copious,  the  air  will  be  wholly  displaced,  and  the 
filled.  It  may  now  be  removed,  the  vertical  position  beiiw 
carefully  retained,  and  closed  by  a  stopper  or  a  glass  plate.  U 
the  mouth  of  the  jar  be  wide,  it  must  be  partially  closed  by  a  piece 
of  cardboard  during  the  operation.  This  method  of  collectmg  gases 
by  displacement  is  often  extremely  useful. 

Hydrogen  was  formerly  used  for  filling  afr-balloona,  being  made 
for  tiie  purpose  on  the  spot  from  zinc  or  iron  and  dilute  sulphuric 
acid.  Its  use  is  now  superseded  by  that  of  coaUgas,  which  may  be 
made  very  light  by  employing  a  high  temperature  in  the  monufac- 
ture.  Although  far  inferior  to  pure  hydrogen  in  buoyant  power,  it 
is  found  in  practice  to  possess  advantages  over  that  sulistance,  while 
its  greater  density  is  easily  compensated  by  increasing  the  size  of  the 

by  gases 

intensity  ii  .       ^     . 

power.  If  two  bottles  containing  gases  which  do  not  act  chemically 
upon  each  other  at  common  temperatures  be  connected  by  a  narrow 
tube  and  left  for  some  time,  the  gases  will  be  found,  at  the  expiratiim 
of  a  certain  time,  depending  much  upon  the  narrowness  of  tlie  tube 

*  As  a  near  ■pprmdoutioil,  it  may  be  Temsnibared  that  s  liter  of  hydrogen 
Vll^liO'OBgiim,  or  S  centigrams.  aiidsKTuaof  bydrogen  occupieall'Sliters. 


very  remarkable  property  possessed 
I,  which  is  seen  in  a  hign  degree  of 
n  the  case  of  hydrogen  ;  this  is  what  is  called  diffusive 
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and  its  length,  uniformly  mixed,  even  though  they  differ  greatly  in 
density,  and  the  system  has  been  arranged  in  a  vertical  position, 
with  the  heavier  gas  downwards.  Oxygen  and  hydrogen  can  thus 
be  made  to  mix,  in  a  few  hours,  against  the  action  of  gravity,  through 
a  tube  a  yard  in  length,  and  not  more  than  one  quarter  of  an  inch  in 
diameter  :  and  the  same  is  true  of  all  other  gases  which  are  destitute 
of  direct  action  upon  each  other. 

If  a  vessel  be  divided  into  two  portions  by  a  diaphragm  or  partition 
of  porous  earthenware  or  dry  plaster  of  raris,  and  each  half  filled 
witn  a  different  gas,  diffusion  will  immediately  commence  through 
the  pores  of  the  dividing  substance,  and  will  continue  until  perfect 
mixture  has  taken  place.  All  gases,  however,  do  not  permeate  the 
same  porous  body,  or,  in  other  words,  do  not  pass  through  narrow 
orifices,  with  the  same  degree  of  facility.  Qraham,  to  whom  we 
are  indebted  for  a  very  valuable  investigation  of  this  interesting 
subject,  established  the  existence  of  a  very  simple  relation  between 
the  rapidity  of  diffusion  and  the  density  of  the  gas,  which  is 
expressed  by  saying  that  the  diffusive  power  varies  inversely  as 
the  square  root  of  the  density  of  the  gas  itself.  Thus,  in  the  experi- 
ment supposed,  if  one-haK  of  the  vessel  be  filled  with  hydrogen 
and  the  other  half  with  oxygen,  the  two  gases  will  penetrate  the 
diaphragm  at  very  different  rates ;  four  cubic  inches  of  hydrogen 
will  pass  into  the  oxygen  side,  while  one  cubic  inch  of  oxygen 
travels  in  the  opposite  direction.  The  densities  of  the  two  gases 
are  to  each  other  m  the  proportion  of  1  to  16 ;  their  relative  rates 
of  diffusion  are  inversely  as  the  square  roots  of  these  numbers,  i.e., 
as  4  to  1. 

In  order,  however,  that  this  law  may  be  accurately  observed,  it  is 
necessary  that  the  porous  plate  be  very  thin  ;  with  plates  of  stucco 
an  inch  thick  or  more,  which  really  consist  of  a  congeries  of  long 
capillary  tubes,  a  different  law  of  diffusion  is  observed.*  An 
excellent  material  for  diffusion  experiments  is  the  artificially  com- 
pressed graphite  of  Mr.  Brockedon,  of  the  quality^  used  for  making 
writing  pencils.  It  may  be  reduced  by  cutting  and  grinding  to  the 
thickness  of  a  wafer,  but  still  retains  considerable  tenacity.  The 
pores  of  this  substance  appear  to  be  so  small  as  entirely  to  prevent 
the  transmission  of  gases  m  mass,  so  that,  to  use  the  language  of  Mr 
Graham,  it  acts  like  a  molecular  sieve,  allowing  only  molecules  to 
pass  through. 

The  simplest  and  most  striking  method  of  exhibiting  the  pheno- 
menon of  diffusion  is  by  the  use  of  Graham's  diffusion-tube.  This 
is  merely  a  piece  of  wide  elass  tube  ten  or  twelve  inches  long,  hav- 
ing one  of  its  extremities  closed  by  a  plate  of  plaster  of  Paris  about 
h«3f  an  inch  thick,  and  well  dried.  When  the  tube  is  filled  by 
displacement  with  hydrogen,  and  then  set  upright  in  a  glass  of 
water,  the  level  of  tiie  bquid  rises  in  the  tube  so  rapidly,  that 

*  See  Bnnsen's  Oasometry,  p.  203 ;  Graham's  Elements  of  Chemistry,  2d  ed. 
fi.  624 ;  Watts's  Dictionary  of  Chemistry,  iL  815. 
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Fig.  84 


its  movement  is  apparent  to  the  eye,  and  speedily  attains  a 
height  of  several  incnes  above  the  water  in  the  glass.    The  gas 
is  actually  rarefied  by  its  superior  diffusive  power  over 
that  of  the  external  air. 

It  is  impossible  to  over-estimate  the  importance  in 
the  economy  of  Nature  of  this  very  curious  law 
affectiujg  the  constitution  of  saseous  bodies :  it  is 
the  principal  means  by  whicn  the  atmosphere  is 
preserved  in  a  uniform  state,  and  the  accumulation 
of  poisonous  sases  and  exhalations  in  towns  and  other 
confin^  locfiSities  prevented. 

A  partial  separation  of  gases  and  vapours  of  un- 
equal diffj^ibility  may  be  effected  by  allowing  the 
mixture  to  permeate  through  a  plate  of  graphite  or 
porous  earthenware  into  a  vacuum.  This  effect, 
called  atmolvsis,  is  best  exhibited  by  means  of  an 
instrument  called  the  tube  atmoly$er.  lliis  is  simply  a 
narrow  tube  of  unglazed  earuenware,  such  as  a 
tobacco-pipe  lktem,two  feet  long,  which  is  placed  within 
a  shorter  tube  of  glass,  and  secured  in  ito  position  by 
corks.  The  glass  tube  is  connected  with  an  air-pump,  and  the 
annular  space  between  the  two  tubes  is  made  as  nearly  vacuous  as 
possible.  Air  or  other  mixed  gas  is  then  allowed  to  flow  along  the 
clay  tube  in  a  slow  stream,  and  collected  as  it  issues.  The  gas  or 
air  atmolysed  is,  of  course,  reduced  in  volume,  much  gas  penetratinj^ 
through  the  pores  of  the  clay  tube  into  the  air-pump  vacuum,  and 
the  lighter  gas  diffusing  the  more  rapidly,  so  that  the  proportion  of 
the  denser  constituent  is  increased  in  the  gas  collected.  In  one 
experiment,  the  proportion  of  oxygen  in  the  air,  after  traversing  the 
atmolyser,  was  increased  from  208  per  cent.,  which  is  the  normal 
proportion,  to  24*5  per  cent.  With  a  mixture  of  oxygen  and 
nydrogen,  the  separation  is,  of  course,  still  more  considerable. 

A  distinction  must  be  carefully  drawn  between  real  diffusion 
through  small  apertures,  and  the  apparently  similar  passage  of  gases 
through  mem])ranous  diaphiagms,  such  as  caoutchoucs,  blander,  gold- 
beaters' skin,  &c.  In  this  mode  of  passage,  which  is  called  osmose, 
the  rate  of  interchange  depends  partly  on  the  relative  diffusibilities 
of  the  gases,  partly  on  the  different  degrees  of  adhesion  exerted  by 
the  membrane  on  the  different  gases,  by  ^'i^tue  of  which  the  gas 
which  adheres  most  powerfully  penetrates  the  diaphragm  most 
easily,  and,  attaining  ttie  opposite  surface,  mixes  with  the  other.  A 
sheet  of  c^out(;houc  tied  over  the  mouth  of  a  wide-mouthed  lx)ttle 
filled  with  hydrogen,  is  soon  pressed  inwards,  even  to  bursting.  If 
the  bottle  be  filled  with  air,  and  placed  in  an  atmosphere  of 
hydrogen,  the  swelling  and  burstinj^  takes  place  outwards.  If  the 
membrane  is  moist,  the  result  is  like^iise  affected  by  the  different 
solubilities  of  the  gases  in  the  water  or  other  liquid  wliich  wets  it. 
For  example,  the  diffusive  power  of  carbonic  acid  into  atint>snheric 
air  is  very  sniall,  but  it  passes  into  the  latter  thi'ough  a  wet  bladder 
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with  the  ntmost  ease,  in  virtue  of  its  solubility  in  the  water  with 
which  the  membrane  is  moistened.  It  is  by  such  a  process  that 
the  function  of  respiration  is  performed:  the  aeration  of  the 
blood  in  the  lungs,  and  the  disengagement  of  the  carbonic  acid, 
are  effected  through  wet  membranes ;  the  blood  is  never  brought 
into  actual  contact  with  the  air,  but  receives  its  su^plv  of  oxygen, 
and  disembarrasses  itself  of  carbonic  acid,  by  this  kind  of  spurious 
diffusion. 

The  high  diffusive  power  of  hydrogen  asainst  air  renders  it 
impossible  to  retain  that  gas  for  any  length  of  time  in  a  bladder  or 
caoutchouc  bag  :  it  is  even  imsafe  to  keep  it  long  in  a  gas-holder, 
lest  it  should  oecome  mixed  with  air  by  slight  accidental  leakage, 
and  rendered  explosive. 

The  passage  of  gases  through  membranes  like  caoutchouc  or 
varnished  eiu£,  as  well  as  through  wet  membranes  like  bladder, 
appears  to  depend  upon  an  actucQ  liquefaction  of  the  gases,  which 
then  become  capable  of  penetratiug  the  substance  of  the  membrane 
(as  ether  and  naphtha  do),  and  may  again  eva^rate  on  the  surface 
and  appear  as  gases.  The  unequal  absorption  of  gases  in  this 
manner  often  effects  a  much  more  complete  separation  of  the  com- 
ponents of  a  gaseous  mixture  than  can  be  attained  by  the  atmolytic 
method  above  described.  Thus,  Qraham  has  shown  that  oxygen  is 
absorbed  and  condensed  by  caoutchouc  two-and-arhalf  times  more 
abundantly  than  nitrogen,  and  that  when  one  side  of  a  caoutchouc 
film  is  freely  exposed  to  the  air,  while  a  vacuum  is  produced  on  the 
other  side,  me  Aim  allows  41*6  per  cent,  of  oxvgen  to  pass  through, 
instead  of  the  21  per  cent,  usually  present  in  the  air,  so  that  the  air 
which  passes  through  is  capable  of  rekindling  wood  burning  with- 
out flame. 

Even  metals  appear  to  possess  this  power  of  absorbing  and 
liquefying  gases.  Deville  and  Troost  have  observed  the  remarkable 
fact  that  nydrojren  gas  is  capable  of  penetrating  platinum  and  iron 
tubes,  at  a  red  heat,  and  Qraham  is  of  opinion  that  this  effect  may 
be  connected  with  a  power  resident  in  these  and  certain  other  metals 
to  absorb  and  liquefy  hydrogen,  possibly  in  its  character  as  a  metallic 
vapour.  Platinum  in  the  form  of  wire  or  plate,  at  a  low  red  heat, 
can  take  up  3*8  volumes  of  hydrogen  measiu^  cold,  and  palladium 
foil  condenses  as  much  as  643  times  its  volume  of  hydrogen  at  a 
temperature  below  100°  C.  In  the  form  of  sponge,  platinum  absorbed 
1*48  times  its  volume  of  hydrogen,  and  palladium  90  volumes.  This 
absorption  of  gases  by  metals  is  called  occlusion.* 

The  meteoric  iron  of  Lenarto  contains  a  considerable  quantity  of 
occluded  hydrogen.  When  placed  in  a  good  vacuum,  it  yields  2'86 
times  its  volume  of  gas,  of  which  85*68  per  cent,  consist  of  hydrogen, 
with  4*46  carbon  monoxide  and  9*86  nitrogen.  Now,  hydrogenlias 
been  recognised  by  spectrum  analysis  in  the  light  of  the  fixed  stars, 
and  constitutes,  according  to  the  observations  of  Father  Secchi,  the 

*  G  rah  am,  Pliil.  Trans.  18G6 ;  Journal  of  the  Chemical  Society  [2],  v.  285. 
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principal  element  in  the  atmoaphere  of  a  numerous  class  of  Htars. 
"  The  iron  of  Lenarto,"  saya  Mr.  Uiaham, "  has,  no  doubt,  come  from 
BUch  aa  atmoapbere,  in  which  hydro^n  greatly  prevailed.  This 
roeteurile  may  be  looked  upon  as  noldmg  imprisoned  within  it,  and 
bringing  to  UB,  the  hydrogen  of  the  stara.  '* 

The  rates  of  effusion  of  gasea,  that  istoday,  Iheirmtesof  tiaseage 
through  u  minute  aperture  in  a  thin  plate  of  metal  or  other  sutiehmce 
into  a  vacuum,  follow  the  aame  kw  an  their  rates  of  diffuHion,  that 
is  U)  Bsy,  they  are  inversely  as  the  square  roota  of  the  densities  of  the 
gnsen.  Nevertheless,  the  phenomena  of  'lilfufiion  and  effusion  are 
essenlially  different  in  their  nature,  the  effusive  movement  affecting 
masses  of  a  gas,  whereas  the  diffusive  movement  affects  only 
molecules ;  and  a  gas  h  UHually  carried  hy  the  former  kind  of  impulse 
with  a  velocity  many  thousand  times  greater  than  by  the  latter. 
Mixed  gases  are  effused  at  the  same  rates  as  one  gas  of  the  actual 
density  of  the  mixture  :  and  no  fteparation  of  the  gaaes  occura,  as  in 
diffminn  into  a  vacuum. 

The  law  of  effusion  just  slated  is  true  only  under  the  condition 
that  the  gas  shall  posa  through  a  minute  aperture  in  a  very  thin 
plate.  It  the  plat«  be  thicker,  so  that  the  aperture  becomes  a  tnhe, 
very  different  rates  of  efflux  are  "bscned  ;  and  when  the  capillary 
tube  iiec.iiJii-siojisiikTiil.ly  fl..»i;;iti>i,  ^.>  tb^it  its  lenf;th  exteeds  its 
dituttteter  at  least  400  times,  the  rates  of  flow  of  different  gases  into  a 
vacuum  again  assume  a  constant  ratio  to  each  other,  followisgi 
however,  a  law  totally  distinct  from  that  of  effusion.  The  principal 
general  results  observed  ivith  relation  to  this  phenomenon  of 
"  Capillary  Transpiration"  are  as  follows : — 

I.  Therateof  transpiration  of  the  same  gas  increases,  oKtcrupiri&iw 
directly  as  the  pressure  :  in  other  words,  equal  volumes  of  gas  at 
different  densities  require  times  inversely  proportional  to  their 
densities.  2.  With  tubes  of  equal  diameter,  the  volume  transpired 
in  equal  times  is  inversely  as  the  length  of  the  tube.  3.  As  the 
temperature  rises,  the  transpiration  of  equal  volumes  becomes  slower. 
4.  The  rates  of  transpiration  of  different  gases  bear  a  constant 
relation  to  each  other,  totally  independent  of  their  densities,  or, 
indeed,  of  any  known  properly  of^  the  gases.  Equal  vxigkle  of 
oiygen,  nitrogen,  and  carbon  monoxide  are  transpired  in  ei^ual 
times ;  so  likewise  are  equal  weights  of  nitrogen,  nitrtcen  dioxide, 
and  carbon  monoxide  ;  and  of  hydrogen  chloride,  carbon  dioxide, 
and  nitrogen  monoxide.f 

COUBINATtOM  OF  BTDROGBN  WITH  OXIOEN. 

It  has  been  already  stated,  that  although  the  light  emitted  by  the 
flame  of  pure  hydrc^n  is  exceedingly  feeble,  yet  the  temperature 

*  PrDcecdings  of  the  Royal  Boclety,  iv.  602. 

tQrahuiD  Phil.  Trans.  ISlfl,  p.  691,  and  1849,  p.  319  ;  alao  Elemeabi  of 
durnuCr;,  2d  ad.  i.  82. 
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of  the  flame  is  very  hi^h.  The  temperature  may  be  still  further 
exalted  by  previously  mixing  the  hydrogen  with  as  much  oxygen  as 
it  reijuires  for  combination,  that  is,  as  will  presently  be  seen,  with 
half  its  volume.  Such  a  mixture  bums,  like  gunpowder,  indepen- 
dently of  the  external  air.  When  raised  to  the  temperature  required 
for  combination,  the  two  gases  unite  with  explosive  violence.  If  a 
strong  bottle,  holding  not  more  than  half  a  pmt,  be  filled  with  such 
a  mixture,  the  introduction  of  a  lighted  match  or  red  hot  wire 
determines  in  a  moment  the  union  of  the  gases.  By  certain 
precautions,  a  mixture  of  oxygen  and  hydrogen  can  be  burned  at  a 
jet  with(mt  communication  of  tire  to  the  contents  of  the  vessel ;  the 
flame  is  in  this  case  solid. 

A  little  consideration  will  show,  that  all  ordinaiy  flames  burning 
in  the  air  or  in  pure  oxygen  are,  of  necessity,  hollow.  The  act  of 
combustion  is  nothing  more  than  the  energetic  union  of  the  substance 
burned  with  the  surrounding  oxygen  ;  and  this  union  can  take  place 
only  at  the  surface  of  the  burning  body.  Such  is  not  the  case,  now- 
ever,  with  the  flame  now  under  consideration  ;  the  combustible  and 
the  oxygen  are  already  mixed,  and  only  require  to  have  their 
temperature  a  little  raised  to  cause  them  to  combine  in  every  part. 
The  flame  so  produced  is  very  different  in  physical  characters  irom 
that  of  a  simple  jet  of  hydrogen  or  any  other  combustible  gas  ;  it  is 
long  and  pointed,  and  very  remarkable  in  appearance. 

Hemming's  safety-jet,  the  construction  of  which  involves  a 
principle  not  yet  discussed,  may  be  adapted  to  a  conmion  bladder 
containing  the  mixture,  and  held  under  the  arm,  and  the  gas  forced 
through  the  jet  by  a  little  pressure.  Although  this  jet,  properly 
constructed,  is  believed  to  be  safe,  it  is  best  to  use  nothing  stronger 
than  a  bladder,  for  fear  of  injury  in  the  event  of  an  explosion.  The 
cases  are  often  contained  in  separate  reservoirs,  a  parr  of  large  gajB- 
holders,  for  example,  and  only  suffered  to  mix  in  the  jet  itself,  as  in 
the  contrivance  of  the  late  Professor  Daniell ;  in  this  way  all  danger 
is  avoided.  The  eye  speedily  becomes  accustomed  to  the  peculiar 
appearance  of  the  true  oxyhydrogen  flame,  so  as  to  permit  the  supply 
oi  each  gas  to  be  exactly  regulated  by  suitable  stop-cocks  attached 
to  the  jet  (fig.  85.) 

A  piece  of  thicK  platinum  wire  introduced  into  the  flame  of  the 
oxyhydrogen  blowpipe  melts  with  the  greatest  ease  ;  a  watch-spring 
or  a  smaU  steel  file  burns  with  the  utmost  brilliancy,  throwing 
off  showers  of  beautiful  sparks ;  an  incombustible  oxidised  body, 
as  magnesia  or  lime,  becomes  so  intensely  ignited  as  to  glow  with 
a  light  insupportable  to  the  eye,  and  to  be  susceptible  of  employ- 
ment as  a  moat  powerful  illuminator,  as  a  substitute  for  the  sun's 
rays  in  the  solar  microscope,  and  for  night  signals  in  trigonometrical 
surveys. 

If  a  long  glass  tube,  open  at  both  ends,  be  held  over  a  jet  of 
hydrogen  (tig.  86),  a  series  of  musical  sounds  is  sometimes  produced 
by  the  parti^  extinction  and  rekindling  of  the  flame  by  the  ascending 
current  of  air.    These  little  explosions  succeed  each  other  at  reguhur 


intervalfl,  and  so  rapiiily  as  to  give  me  to  a  nmsical  note,  the  pitch 
dependiug  cliicfly  upon  the  length  aiid  Ji&meler  of  the  tube. 


Although  oxygen  and  hydrogen  may  be  kept  mixcc 
temperaturea  for  any  length  of  time  without  combination  taking 
phtce,  yet,  under  particuW  circumstances,  they  unite  quietly  and 
without  eiplosion.  Manv  years  ago,  Dobereiner  made  the  curious 
■  obeervation,  that  finely  divided  platinum  possessed  the  power  of 
determining  the  union  of  the  gases ;  and,  more  recently,  Faraday 
has  show^  that  the  state  of  minute  division  is  by  no  means 
indispensable,  since  rolled  plates  of  the  metal  have  the  same 
property,  provided  their  surfaces  are  absolutely  clean.  Neither  it 
the  effect  strictly  confined  to  platinum  ;  other  metals,  as  palladium 
and  gold,  and  even  stones  and  glass,  exhibit  the  same  property, 
although  to  a  far  inferior  degree,  since  they  often  require  to  be  aided 
by  a  little  heat.  When  a  piece  of  platinum  foil,  which  has  been 
cleaned  by  hot  oil  of  vitriol  and  thorough  washing  with  distilled 
water,  is  thrust  into  a  jar  containing  a  mixture  of  oxygen  and 
hydrogen  standing  over  water,  combination  of  the  two  gases 
immediately  begins,  and  the  level  of  the  water  rapidly  rises,  whilst 
the  platinum  becomes  so  hot  that  drops  of  water  accidentally 
falling  upon  it  enter  into  ebullition.  If  the  metal  be  very  thin  and 
exceedingly  clean,  and  the  gases  very  pure,  its  temperature  rises 
after  a  time  to  actual  redness,  and  the  residue  of  the  mixture 
explodes.  But  this  is  an  effect  altc^ther  accidental,  and  dependent 
upon  the  high  temperature  of  the  platinum,  which  high  temperature 
ba»  been  produced  fay  the  preceding  quiet  combination  of  the  two 
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bodies.  When  the  platinnm  is  reduced  to  a  state  of  minute  division, 
and  its  surface  thereby  much  extended,  it  becomes  immediately  red- 
hot  in  a  mixture  of  hydrogen  and  oxygen,  or  hydrogen  and  air ;  a  jet 
of  hydrogen  thrown  upon  a  little  of  uie  spongy  metal,  contained  in 
a  glass  or  capsule,  is  at  once  kindled,  and  on  tms  principle  machiues 
for  the  production  of  instantaneous  light  have  been  constructed* 
These,  however,  act  well  only  when  constantly  used ;  the  spongy 
platinum  is  apt  to  become  (mmp  by  absorption  of  moisture  from 
the  air,  and  its  power  is  then  for  the  time  lost. 

The  best  explanation  that  can  be  given  of  these  curious  effects  is 
to  suppose  that  solid  bodies  in  general  have,  to  a  greater  or  less 
extent,  the  property  of  condensing  gases  upon  their  siirfaces,  or  even 
liquefying  tnem  (as,;Bhown  p.  133),  and  that  this  faculty  is  exhibited 
pre-eminently  by  certain  ot  the  non-oxidisable  metals,  as  platinum 
and  gold.  Oxygen  and  hydrogen  may  thus,  under  these  circum- 
stances, be  brought,  as  it  were,  within  the  sphere  of  their  mutual 
attractions  by  a  temporary  increase  of  density,  whereupon  combina- 
tion ensues. 

Coal-gas  and  ether  or  alcohol  vapour  may  be  made  to  exhibit  the 
phenomenon  of  quiet  oxidation  under  the  influence  of  this  remarkable 
surface-action.  A  close  spiral  of  slender  platinum  wire,  a  roll  of 
thin  foil,  or  even  a  common  platinum  crucible,  heated  to  dull 
redness,  and  then  held  in  a  jet  of  coal-gas,  becomes  strongly  ignited, 
and  remains  in  that  state  as  long  as  the  supplv  of  mixed  oas  and  air 
is  kept  up,  the  temperature  being  luaintainea  by  the  heat  disengaged 
in  the  act  of  union.  Sometimes  the  metal  becomes  white-hot,  and 
then  the  gas  takes  fire. 

If  such  a  coil  of  wire  be  attached  to  a  card, 
and  suspended  in  a  glass  containing  a  few  drops 
of  ether,  having  previously  been  made  red-hot  in 
the  flame  of  a  spirit-lamp,  it  will  continue  to 
glow  imtil  the  oxygen  ot  the  air  is  exhausted, 
giving  rise  to  the  production  of  an  irritating  vapour 
which  attacks  the  eyes.  The  combustion  of  the 
ether  is  in  this  case  but  partial ;  a  portion  of  its 
hydrogen  is  alone  removed,  and  the  whole  of 
the  carbon  left  untouched. 

A  coil  of  thin  platinum  wire  may  be  placed 
over  the  wick  of  a  spirit-lamp,  or  a  lill  of 
spongy  platinum  sustained  just  above  the  cotton ; 
on  lighting  the  lamp,  and  then  blowing  it  out  as 
soon  as  the  metal  appears  red-hot,  slow  combustion  of  the  spirit 
drawn  up  by  the  capillarity  of  the  wick  will  take  place,  accompanied 
by  the  pungent  vapours  just  mentioned,  which  may  be  modified,  and 
even  rendered  a^eeable,  by  dissolving  in  the  liquid  some  sweet- 
smelling  essential  oil  or  resm. 

Hydrogen  forms  numerous  compounds  with  other  bodies,  although 
it  ia  greatly  surpassed  in  this  respect,  not  only  by  oxygen,  but 
by  many  of  the  other  elements.    In  many  of  its  chemical  rela- 
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tione  it  resembleB  the 
chlorine,  biiimjiip,  &c. 
tiition  to  die  metallic 
(p.  1 16). 
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metals,  combining  with  oxygen,  etilphiir, 
oxides,  sulphides,  chlorides,  bromides,  &c. 

Oxides  of  Hydrog«ii. — There  are  two  oxides  of  hydrogen — 
namely,  the  munoxide,  whiiih  is  water,  and  the  dioxide,  dis- 
coveruil  in  the  year  1818  by  Th^nard. 

It  appeiu-i)  tliut  the  enmposition  of  wattir  wa»  firet  demonstmtnl 
in  the  year  1781  by  Cavenilish  ;*  but  the  discovery  of  the  eiact 
proportions  in  which  o.tyffen  and  hydn^en  unite  in  penerating  that 
most  imjiorlant  compouiiil  has,  from  time  to  time  to  the  present  day, 
occupied  the  attention  of  some  of  the  most  dislin^ruishett  cultivatots 
of  chemieiil  ecience.  There  are  two  distinct  methods  of  research  in 
cheniiMtrv — the  atvilylieal,  or  tliat  in  which  the  compound  is  resolved 
into  it^  elements,  and  the  ttfnthetical,  in  which  the  elements  are  made 
to  unite  and  produce  the  compound.  The  first  method  is  of  much 
more  (general  application  than  the  second  ;  but  in  this  particiilar 
instance  both  may  be  employed,  althou^'h  the  results  ofthe«}'ntheeis 
are  the  more  valuable. 

The  decomposition  of  water  may  be  effected  by  voltaic  electricity. 
When  water  is  acidulated  so  as  to  render  it  a  condnctor.t  and  "a 
portion  interposed  between  a  pair  of  platinum  plates  connected  with 
the  extremities  of  a  voltaic  apparatus  of  moderate  power,  decom- 
position of  the  liquid  takes  place  in  a  very  interesting  manner  ; 
oxygen,  in  a  state  of  perfect  purity,  is  evolved  from  the  water  in 
'  C  with  the  plate  belonging  to  the  copper 
the  battery,  and  hydrt^n,  equally  purcj  is 
the  nlate  connected  with  the  zinc 
extremiW,  the  middle  portions  of  liquid  remaining 
apparently  unaltered.  By  placing  small  graduated 
jars  over  the  platinum  puktes,  the  gases  can  be 
collected,  and  their  quantities  determined.  The 
whole  arrangement  is  shown  in  fig.  88  ;  the  con- 
ducting wires  pass  through  the  bottom  of  the  glass 
cup,  and  away  to  the  battery. 

When  this  experiment  has  been  continued  a 
sufficient  time,  it  will  be  found  that  the  volume  of 
+  the  hydrogen  la  a  twrj/  little  above  twice  that  of 
"  the  oxygen.  Were  it  not  for  the  accidental  cir- 
cumstance of  oxygen  being  senaibly  more  soluble 
in  water  than  hydroRen,  ttie  proportion  of  two  to 
would  come  out  exactly. 

*  A  claim  to  the  discovery  of  the  compoaitioD  ot  water,  on  bebslf  of  James 
Watt,  has  been  very  strongly  urged,  and  euppoited  by  sach  evidence  that  the 
reader  of  the  controversy  may  be  led  to  the  coDcluaion  thst  the  discovery  w»s 
made  by  both  parties,  nearly  aimnltaneoualy,  and  unknown  toesch  other.  Seq 
the  article  "  Oas,"  by  Dr.  Paul,  in  Watta's  Dictionary  ot  Cliemiatry,  ii  780. 

t  Se«  the  section  on  "  Electro-Chemical  Decomposition." 
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Water,  as  Mr.  Grove  has  shown,  is  likewise  decomposed  into  its 
constituents  by  heat.    This  effect  is  produced  by  introducing  platinum 
balls,  ignited  by  electricity  or  other  means,  into  water 
or  steam.     The  two  gases  are  obtained  in  very  small 
quantities  at  a  time. 

When  oxygen  and  hydrogen,  both  as  pure  as  pos- 
sible, are  mixed  in  the  proportions  mentioned,  passed 
into  a  strong  glass  tube  standing  over  mercury,  and 
exploded  by  the  electric  spark,  all  the  mixture  dis- 
appears, and  the  mercury  is  forced  up  into  the  tube, 
filling  it  completely.  The  same  experiment  may  be 
made  with  the  explosion  vessel  or  eudiometer  of 
Cavendish  (fig.  89.)  The  instrument  is  exhausted  at 
the  air-pump,  and  then  filled  from  a  capped  iar  with 
the  mixed  gases  ;  on  passing  an  electric  spark  by  the 
wires  shown  at  a,  explosion  ensues,  ana  the  glass 
becomes  bedewed  with  moisture  ;  and  if  the  stop-cock 
be  then  opened  under  water,  the  latter  will  rush  in  and 
fill  the  vessel,  leaving  merely  a  bubble  of  air,  the 
result  of  imperfect  exhaustion. 

The  process  upon  which  most  reliance  is  placed  is 
that  in  which  pure  copper  oxide  is  reduced  at  a  red 
heat  by  hydrogen,  and  tne  water  so  formed  is  collected 
and  weighed.  This  oxide  suffers  no  change  by  heat 
alone,  but  the  momentary  contact  of  hydrogen,  or  any 
common  combustible  matter,  at  a  high  temperature, 
suffices  to  reduce  a  corresponding  portion  to  the 
metallic  state.  Fig.  90  will  serve  to  convey  some  idea 
of  the  arrangement  adopted  in  researches  of  this  kind. 

A  copious  supply  of  hydrogen  is  procured  by  the 
action  of  dilute  sulphuric  acid  upon  the  purest  zinc 
that  can  be  obtainea ;  the  gas  is  made  to  pass  in  suc- 
cession through  solutions  of  silver  nitrate  and  strong 
caustic  potash,  by  which  its  purification  is  completed. 
After  tnis  it  is  conducted  through  a  tube  three  or  four 
inches  long,  filled  with  fragments  of  pumice-stone 
steeped  in  concentrated  oil  of  vitriol,  or  with  anhydrous 
phosphoric  acid.    These  substances  have  so  great  an  attraction  for 


Fig.  90. 


aaueous  vaj)our,  that  they  dry  the  gas  completely  during  its  transit. 
Tne  extremity  of  this  tube  is  shown  at  a.    The  dry  hydrogen  thus 
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arrivee  fit  tlie  part  of  tlie  apparatus  containing  tlie  copper  oxide 
represented  at  o;  this  condrts  of  a  two-neckeJ  flask  of  very  hard 
whiif  gloss,  maintained  at  a  red-heat  hy  a  Bpiiit-lamp  placed  he- 
neuth.  As  the  decomposition  proceeds,  the  water  produced  by  the 
reduction  of  the  oxide  bcginB  to  condense  in  tlie  eecond  neck  of 
the  flask,  whence  it  drops  into  the  rec^^iver  c.  A  n^cond  desiccating 
tube  prevents  the  loss  of  aqueouB  vapour  by  the  current  of  gas  which 
passes  in  eicesa. 

Before  the  experiment  can  be  commenced,  the  copper  oxide,  the 
purity  of  which  is  well  ascertained,  must  be  heated  to  redness  for 
some  time  in  a  current  of  dry  air ;  it  is  then  suffered  to  cool,  and 
very  carefully  weighed  with  the  flask.  The  empty  receiver  and 
second  drying-tube  are  alao  weighed,  the  diaengi^ment  of  gas  set 
up,  and  when  the  air  has  been  displaced,  heat  is  slowly  applied 
to  the  oxide.  The  action  is  at  first  very  energetic ;  the  oxide  often 
exhibits  the  appearance  of  ignition  ;  but  as  the  decomposition 
proceeds,  it  becoioes  more  slnggish,  and  requires  the  application  of 
a  considerable  heat  to  effect  its  completion. 

When  the  process  is  at  an  end,  and  the  apparatus  peifectly  cool, 
the  Btream  of  gas  is  discontinued,  dry  air  is  drawn  throiij^h  the 
whole  nrranireuient,  and,  lastly,  the  parts  are  iii,"ciiiiuectud  and 
Teweighed.  The  loe«  of  the  copper  oxide  gives  the  oxygen ;  the 
gain  of  the  receiver  and  ita  drying-tube  indicates  the  water ;  and  the 
difference  between  the  two,  the  hydrogen. 

A  set  of  experiments,  niade  in  raris  in  the  year  1820,  by  Dulong 
and  Berzehus,  gave  as  a  mean  result,  for  the  composition  of  water 
by  wei(^ht,  8'009  parts  oxygen  to  I  part  hydrogen];  numbers  so 
nearly  m  the  proportion  of  8  to  1,  that  the  latter  have  usually 
been  assumed  to  be  true. 

More  recently  the  subject  has  been  reinvestigated  by  Dumas,  with 
the  most  scrupulous  precision,  and  the  above  supposition  fully  con- 
firmed.    The  composition  of  water  may  therefore  be  considered  a 


established  ;  it  contains  by  weight  8  parte  oxygen  to  1  part  hydrogen, 
and  by  measure,  1  volume  oxygen  to  2  volumes  hydrogen.  The 
densities  of  the  gases,  as  already  mentioned,  correspond  very  closely 
with  these  results. 

The  physical  properties  of  water  arc  too  well  known  to  need 
lengtbenea  description :  when  pure,  it  is  colourless  and  transparent, 
tlestitute  of  taste  and  odour,  and  an  exceedingly  bad  conductor  of 
electricity  of  low  tension.  It  attains  its  greatest  density  towards  ih°C 
(40"  F.).  freezes  at  0°  C.  (32°  F.),*  and  boOa  under  the  ordinary 
atmospheric  pressure  at  or  near  100°  C.  (212°  F.).  It  evaporates 
at  all  temperatures. 

The  weight  of  a  cubic  centimeter  of  water  at  the  maximum  density 
is  chosen  OS  the  unit  of  weight  of  the  metrical  system;  and  called 
a  gram  ;  consequently  a  liter  or  cubic  decimeter  =  100  cubic  centi- 

T,  thererura. 
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meters  of  water,  at  tlie  same  temperature,  weighs  1000  grams,  or 
1  kilogram. 

A  cubic  inch  of  yrater  at  62*'  F.  weighs  252*45  grains ;  a  cubic  foot 
weighs  nearly  1000  ounces  avoirdupois ;  and  an  imperial  gallon 
wdghs  70,000  grains,  or  10  lbs.  avoirdupois. 

Water  is  825  times  heavier  than  air.  To  all  ordinary  observation, 
it  is  incompressible ;  very  accurate  experiments  have  nevertheless 
shown  that  it  does  yield  to  a  small  extent  when  the  power  employed 
ifl  very  great,  the  diminution  of  volume  for  each  atmosphere  of 
pressure  being  about  51-millionths  of  the  whole. 

Clear  water,  although  colourless  in  small  bulk,  is  blue  like  the 
atmosphere  when  viewed  in  mass.  This  is  seen  in  the  deep 
ultramarine  tint  of  the  ocean,  and  perhaps  in  a  still  more  beautiful 
manner  in  the  lakes  of  Switzerlana  and  other  Alpine  countries,  and 
in  the  rivers  which  issue  from  them,  the  slightest  admixture  of  mud 
or  suspended  impurity  destroying  the  effect.  The  same  magnificent 
colour  is  visible  in  the  fissures  and  caverns  found  in  the  ice  of  the 
glaciers,  which  is  usually  extremely  pure  and  transparent  within, 
although  foul  upon  the  surface. 

The  specific  gravity  of  steam  or  vapour  of  water  is  found  by 
experiment  to  be  0*625,  compared  with  air  at  the  same  temperature 
and  pressure,  or  9  as  compared  with  hydrogen.  Now,  it  has  been 
already  shown  that  water  is  composed  of  two  volumes  of  hvdrogen 
and  one  volume  of  oxygen  ;  and  if  the  weight  of  one  volume  of 
hydrogen  ])e  taken  as  unity,  that  of  two  volumes  hydrogen  (««2) 
and  one  volume  oxygen  (  =  16)  will  together  make  18,  which  is  the 
weight  of  two  volumes  ol  water- vapour.  Consequently  vxiter  in  the 
skUe  of  vapour  consists  of  two  volumes  of  hydrogen  and  one  volume  of 
oxygen  condensed  into  two  volumes.  A  metnod  of  demonstrating  this 
important  fact  by  direct  experiment  has  been  devised  by  Dr. 
Hofmann.  It  consists  in  exploding  a  mixture  of  two  volumes 
hydrogen  and  one  volume  oxygen,  oy  the  electric  spark,  in  a 
eudiometer  tube  enclosed  in  an  atmosphere  of  the  vapour  of  a  liquid 
(amylic  alcohol)  which  boils  at  a  temperature  considerably  above 
that  of  boiling  water,  so  that  the  water  produced  by  the  combina- 
tion of  the  gases  remains  in  the  state  of  vapour  instead  of  at  once 
condensing  to  the  liquid  form.  It  is  then  seen  that  the  three  volumes 
of  mixed  gas  are  reduced  after  the  explosion  to  two  volumes.* 

Water  seldom  or  never  occurs  in  nature  in  a  state  of  perfect 
purity  ;  even  the  rain  which  falls  in  the  open  country  contains  a 
trace  of  ammoniacal  salt,  while  rivers  and  springs  are  invariably 
contaminated  to  a  greater  or  less  extent  with  solulue  matters,  saline 
and  organic.  Simple  filtration  through  a  porous  stone  or  a  bed  of 
sand  will  separate  suspended  impurities,  but  distillation  alone  will 
free  the  liouid  from  those  which  are  dissolved.  In  the  preparation 
of  distilled  water,  which  is  an  article  of  large  consumption  in  the 

*  For  a  description  of  the  apparatus,  see  Hofinann's  Modem  Chemistry 
(1865),  p.  51. 
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scientific  Iaborab»7,  it  is  proper  to  reject  the  tirst  pnrtions  which  paae 
over,  ami  tit  uvuid  carrying  tne  distUktion  tfl  dryiiesa.  The  procesB 
may  be  eonitutted  in  a  metal  b1^  furnished  with  a  wurni  or  con- 
denser i>t  silver  or  tin ;  lead  mnst  not  be  need. 

The  ooean  is  the  great  recipient  of  the  naline  matter  carried  down 
by  the  Tirers  which  drain  the  land  :  hence  the  vaat  accumulation  of 
8al(0.  Tlie  following  table  will  serve  to  conveT  an  idea  of  the 
onlinaiT  ciimpositioa  of  aea-water ;  the  ftnalyaiB  is  by  Dr  Schweitzer, 
of  Brif;hton,  the  water  being  that  of  the  BriiiBh  Channel  : — 

1000  graine  contained — 

Water ■  964-74ft 

Sndiiim  chloride, 87-068 

Potaaainm  chloride, 0'766 

Mup;neBium  chloride, 3*666 

Mapiesiiim  bromide 0*039 

Magnesium  sulphate, S-896 

Calcium  snlphatu, 1*406 

Calcium  carbonate 0*033 

Tmcea  of  Iodine  and  Ammoniacal  salts,        .  

1000-000 

Its  specific  gravity  was  found  to  be  1*0274  at  15-5°  C.  {60*  F,). 
Sea-water  is  liable  to  variations  of  density  and  composition  by  the 
influence  of  local  causes,  such  as  the  proximity  of  large  rivers,  or 
masses  of  melting  ice,  and  other  circumstances. 

Natttral  springs  are  often  impregnated  to  a  great  extent  with 
soluble  substances  derived  from  the  rocts  they  traverse  ;  such  are 
the  various  mineral  waters  scattered  over  the  whole  earth,  and  to 
which  medicinal  virtues  are  attributed.  Some  of  these  hold  ferrous 
oxide  in  solution,  and  are  effervescent  from  carbonic  acid  gas  ; 
others  are  alkaline,  probably  from  traversing  rocks  of  volcanic 
origin  ;  some  contain  a  very  notable  quantity  of  iodine  or  bromine. 
Their  temperatures,  also,  are  as  variable  as  their  chemical  nature. 

Water  acts  on  many  oxides,  both  acid  and  basic,  with  great 
ener^  and  considerable  evolution  of  heat,  producing  compounds 
called  hydroxides,  which  contain  hydrogen  and  oxygen  in  the 
proportion  to  form  water,  but  not  actually  existing  as  water,  the 
elements  of  the  two  bodies  in  combining  having  undergone  a 
change  of  armngemeat,  thus  : — 

KjO  +  H,0  -  2KH0     Potassium  hydroxide  (potash). 
CaO  +  H,0  =  CaH.0,  Calcium  hydroxide  (stoked  lime). 
80,  +  HjO  =  SHA     Sulphur  hydroxide  (sulphuric  acid). 
P,0,  +  HjO  -  2PH0,    Phosphorus  hydroxide  (metapbos- 
phoricacid). 

*  Philosophical  HsgsziDe,  July  183S. 
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In  many  of  these  compounds  the  elements  of  water  are  retained 
with  great  force,  and  require  a  high  temperature  to  expel  them : 
calcium  hydroxide,  for  example,  requires  a  red  heat  to  convert  it 
into  anhydrous  calcium  oxide  (quiclc  lime),  and  the  hydroxides  of 
potassium,  barium,  sulphur,  and  phosphorus  cannot  be  dehydrated 
by  heat  alone. 

In  other  cases  water  appears  to  combine  with  other  bodies — salts, 
for  example — ^as  such,  or,  in  other  word&  without  alteration  of  atomic 
arrangement.  Such  compounds  are  called  hydrates,  and  the  water 
contamed  in  them — ^the  presence  of  which  has  great  influence  on 
the  eiystalline  form  of  the  compound — ^is  called  water  of  crystal- 
lisation. Water  thus  combined  is  easily  expelled  by  heat,  mostly 
at  100-12(f. 

Many  salts  combine  with  different  -quantities  of  water,  according 
to  the  temperature  at  which  they  separate  from  solution,  the  quan- 
tity llius  taken  up  being  for  the  most  part  greater  as  the  temperature 
of  solidification  is  lower :  thus  sodium  carbonate  crystallises  from 
solution  at  ordinary  temperatures  in  oblique  rhombic  prisms  con- 
taining 10  molecules  of  water  (COoNaj+lOHjO),  whereas  at  higher 
temperatures  it  crystallises  as  COjNaj+SH^O  or  6H^,  and  from  a 
boiling  solution  in  rectangular  plates  contaming  CO^a^+HjO. 

There  are  also  hydrates  called  cryohydrates,*  whicn  exist  only 
at  temperatures  below  the  freezing  pomt  of  water ;  thus  sodium 
chloride  (common  salt),  which  at  ordmaiy  temperatures  crystallises 
in  anhydrous  cubes,  solidifies  at  —  23**  with  10*  molecules  of  water, 
forming  the  hydrate  NaCl  +  lOiH^O,  or  2NaCl  +  2IH2O,  and 
ammonium  chloride  (sal-ammoniac),  also  anhydrous  at  ordinary 
temperatures,  solidifies  at— 15°  to  a  hydrate  containing  NH4CI+ 
I2H2O. 

In  some  cases  water  of  crystallisation  is  so  feebly  combined  that 
it  gradually  separates  when  the  substance  containing  it  is  exposed 
at  ordinary  temperatures  to  dry  air,  the  salt  at  the  same  time  losing 
its  crystalline  character  and  falling  to  powder.  This  change,  called 
efflorescence,  is  strikingly  exhibitea  by  crystallised  sodium  car- 
bonate and  common  alum.  On  the  other  hand,  many  substances 
which  are  very  soluble  in  water  attract  water  from  moist  air  in 
such  a  uantity  as  to  form  a  solution ;  this  change,  which  is  exhibited 
by  calcium  chloride  and  potassium  hydroxide  (caustic  potash),  is 
called  deliquescence. 

Lastly,  the  solvent  properties  of  water  far  exceed  those  of  any 
other  liquid  known.  Among  salts  a  very  large  proportion  are 
soluble  to  a  greater  or  less  extent,  the  solubility  usually  increasing 
with  the  temperature,  so  that  a  hot  saturated  solution  deposits 
crystals  on  cooling.  There  are  a  few  exceptions  to  this  law,  one  of 
the  most  remarkable  of  which  is  common  salt,  the  solubility  of 
which  is  nearly  the  same  at  all  temperatures  :  the  hydroxide  and 

♦  Guthrie,  PhiL  Mag.  (Ser.  4)  xlix.  1,  206 ;  1.  266 ;— (Ser.  5)  i.  49  ;  ii  211. 
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certain  organic  aalta  of  calcium,  also,  dissolve  more  freely  in  colJ 
thnn  in  hot  water. 
Fig.  91  exhibita  the  uneijual  solubility  of  different  saita  in  water  of 

SolvbUitj/  ofSaUt  in  VXi^art*  of  WaUr. 
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different  temperatuTes.  The  Una  of  tolvhUity  cut  the  verticals 
raised  from  points  indicating  the  temperatures,  upon  the  tower 
horizontal  line,  at  heighta  proportioned  to  the  quantities  of  salt 
dissolved  by  100  parts  of  water.  The  diagram  shows,  for  example, 
that  HM)  pttrta  of  water  dissolve,  of  potassium  sulphate  8  parts  at 
0°  C,  17  parts  at  50°,  and  25  parta  at  100°.  There  are  salts  which, 
like  sodium  chloride,  possess,  as  already  mentioned,  veij  nearly  the 
same  degree  of  solubility  in  water  at  all  temperatures  ;  in  others,  like 
potassium  sulphate  or  potassium  chloride,  the  solubility  increaties 
directly  with  the  increment  of  temperature ;  in  others,  again, 
like  potassium  nitrate  or  polaaaium  chlorate,  the  soluliility  aug- 
ments much  more  rapidly  than  the  temperature.  The  differences 
in  the  deportment  of  these  different  salts  are  shown  very  con- 
spicuously, by  a  straight  horizontal  hne,  by  a  strai(;ht  inclined  line, 
and  lastly  by  curves,  the  convexity  of  which  is  turned  towards  the 
lower  horizontal  line. 

The  solubility  of  a  saJt  is  usnaUy  represented  by  the  quantity  of 
anhydrous  salt  dissolved  by  100  parts  of  water.  It  is  obvious,  how- 
ever, that  salts  containing'  water  of  hydration  orwater  of  cryelalliaation 
cannot,  within  certain  hmita  of  temperature,  dissolve  in  water  in  the 
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anhydrous  state,  but  must  be  dissolved  as  hydrates.  The  solubility 
of  a  hydrated  salt  frequently  differs  very  considerably  from  that  of 
the  same  salt  in  the  anhydrous  state.  Again,  many  salts,  as  already 
observed,  form  more  than  one  hydrate  ;  and  these  several  hydrates 
may  also  differ  in  their  solubility.  Sodiimi  sulphate  forms  a  hydrate, 
S04Nao+7H20,  consisting,  in  100  parts,  of  53  parts  of  anhydrous 
salt  and  47  parts  of  water,  which  is  obtained  in  crystals,  when  a  solu- 
tion of  sodium  sulphate  saturated  at  100°  C,  is  cooled  out  of  contact 
with  the  air :  this  hydrate  is  much  more  soluble  than  the  ordinary 
hydrate  SO4Na24-10H2O  (Glauber's  salt),  which  differs  from  the 
former  in  its  crystalline  form,  and  consists,  in  100  parts,  of  44*2  parts 
of  anhydrous  salt  and  55*8  parts  of  water.  When  a  solution  of  sodium 
sulphate  i^  saturated  at  the  boiling  point  of  water,  and  cooled  to  the 
common  temperature  without  depositing  any  crystals,  the  salt  exists 
in  the  form  of  the  more  soluble  hydrate.  Tnis  salt,  when  coming  in 
contact  with  the  dust  of  the  air,  or  with  a  small  crystal  of  common 
Glauber's  salt,  is  suddenly  transformed  into  the  less  soluble  hydrate, 
part  of  which  separates  from  the  solution  in  the  form  of  Glauber's 
salt.  From  0°  to  33°  C.  (32°  to  91°  F.^  sodium  sulphate  dissolves  as 
Glauber^s  salt,  the  solubility  of  whicn  increases  with  the  tempera- 
ture :  hence  the  rapid  rise  of  the  curve  representing  the  solubility 
of  the  salt.  Above  33°  C.  (91°  F.)  the  hydrate  of  sodium  sulphate  is 
decomposed,  even  in  solution,  being  more  and  more  thoroughly  con- 
verted into  the  anhydrous  salt  as  the  temperature  increases.  Sodium 
sulphate  appears,  however,  far  less  soluble  in  the  anhydrous  state, 
and  hence  the  diminution  of  solubility  of  the  salt  when  its  solution 
is  heated  above  33°  C.  (91°  F.), 

Liquid  Diffusion.  Dialysis. — When  a  solution  having  a  sp.  gr. 
greater  than  water  is  introduced  into  a  cylindrical  glass  vessel,  and 
then  water  very  cautiously  poured  upon  it,  in  such  a  manner  that 
the  two  layers  of  liquid  remain  unmoved,  the  substance  dissolved  in 
the  lower  liquid  will  gradually  pass  into  the  supernatant  water, 
though  the  vessel  may  have  been  left  undisturbed,  and  the 
temperature  remain  unchanged.  This  gradual  passage  of  a  dissolved 
substance  from  its  original  solution  into  pure  water,  taking  place 
notwithstanding  the  higher  specific  gravity  of  the  substance  which 
opposes  this  passage,  is  called  the  diffusion  of  liquids.  The 
pnenomena  of  this  diffusion  have  been  elaborately  investigated  by 
Graham,  who  has  arrived  at  very  important  results.  Different 
substances,  when  in  solution  of  the  same  concentration,  and  under 
other  similar  circumstances,  diffuse  with  very  unequal  velocity. 
Hydrochloric  acid,  for  instance,  diffuses  with  greater  rapidity  than 
potassium  chloride,  potassium  chloride  more  rapidly  than  sodium 
chloride,  and  the  latter,  again,  more  quickly  than  magnesium  sul- 
phate ;  gelatin,  albumin,  and  caramel  diffuse  very  slowly.  Diffusion 
IS  generally  found  to  take  place  more  rapidly  at  high  than  at  low 
temperatures.  Diffusion  is  more  particularly  rapid  with  crystallised 
substances,  though  not  exclusively,  for  hydrochloric  acid  and  alcohol 
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are  among  the  UglilT  dilFusive  bodies.  DiffoBion  is  slow  with  non- 
ciTstalline  bodieu,  wuich,  like  gelatin,  are  capal)leoffonuiDga  jelly, 
though  evea  here  exceptions  are  met  with.  Qraham  calls  the 
BulMrtancea  of  great  difiiuibilitj'  orvitalhidt,  the  subBtancea  of  low 
diffoaibility  collotiU.  The  nnequal  power  of  diffiwion  with  irhich 
different  suhstiuicee  nxe  t-ndowed  frequently  fiuiiishes  the  meane 
of  separating  them.  When  wat«r  ia  ^uied  with  caution,  ao  as  to 
prevent  miiing,  upon  a  solution  containing  eijnal  qnantitiea  of 
potassium  chloride  and  Rncli urn  chloride,  the  more  di  tl'uMble  potasBium 
chloride  travelH  more  rapidly  upwards  than  the  less  ditfusible 
Bodiom  chloride,  and  very  considerable  portions  of  potasEinm  chloride 
will  have  reached  the  ujiper  layers  of  the  water  Wfore  the  eodium 
chloride  has  arrived  there  in  appreciable  quantity.  The. separation 
of  rapidly  diffusible  cryslallotdB  and  d.owly  diffusible  colloida 
suweeds  atill  better. 

A  more  perfect  separation  cf  urystalloids  and  colloids  may  be 
accomplished  in  the  following  manner  :— Graham  made  the  im- 
portant olwervation,  that  certain  membraneB,  and  also  parchment 
paper,  when  in  contact,  on  the  one  surface,  with  a  solution  contain- 
ing a  mixture  of  urystalloi'lal  and  colloidij  sul«tances,  niid,  on  the 


other  surface,  with  pure  water,  will  permit  the  poss^e  to  the  water 
of  the  crystalloida,  but  not  of  the  colloids.  To  carry  out  this 
important  mode  of  separation,  which  is  deaignated  by  the  term 
dtolynf,  the  lower  month  of  a.glass  vessel,  open  on  both  sides  (fig. 
92),  ia  tied  over  with  parchment  paper  placed  upon  an  appropriate 
support  {6g.  93),  and  transferred,  ttqjether  with  the  latter,  into  a 
la^er  veseel  filled  with  water  (fig.  94) ;  or  the  vewcl  may  be  sus- 
pended, as  shown  in  fig.  96.  The  li<]md  containing  the  different 
sufaalaiic«s  in  solution  is  then  ^ured  into  the  inner  vessel,  so  as  to 
form  a  layer  of  about  half  an  inch  in  height  upon  the  perchnwnt 
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paper.  The  cijetalloidal  eubetances  gradnatlj  pass  throueh  tin 
fuiTchnient  paper  into  the  OQter  water,  which  may  be  renewed  from 
time  to  time  ;  the  colloidal  substances  are  almost  eotirely  retained 
I^  the  liquid  in  the  inner  vessel.  In  this  manner  Graham  prepared 
eeveial  colloids  free  from  crystalloids ;  he  showed,  moreover,  that 
poiaonoos  crystalloids,  sach  as  arsenions  acid  or  Btrychnine,  even 
when  mixed  with  veiy  la:^  proportions  of  colloidal  Buhatances,  pass 
over  into  the  water  of  the  dialyser  in  such  a  state  of  purity  that  llieir 
presence  may  be  established  by  re-agenta  with  the  utmost  facility. 

Ornnote. — When  two  different  liquids  are  separated  by  a  poroujs 
diaphragm,  as,  for  instance,  by  a  membrane,  aud  the  liquids  mix 
throQKh  this  diaphn^tn,  it  is  found  that  in  most  cases  the  quantildee 
traveling  in  opposite  directions  are  unequal.  Suppose  three 
cylinders,  the  lower  months  of  which  are  tied  over  with  bladders 
filled  respectively  with  concentrated  solntionH  of  copper  sulphate, 
sodium  chloride,  and  alcohol,  and  let  them  be  immersed  in  vessels 
containing  water,  to  such  a  depth  that  the  liquids  inside  and  outside 
are  level  (fig.  9SJ.  After  some  time  the  liquid  within  the  tube  ia 
found  to  have  risen  appreciably  above  the  level  of  the  water  (fig. 
97).  On  the  other  hand,  if  the  cylinder  filled  with  pure  water  & 
immeraed  in  a  solution  of  copper  sulphate,  or  of  sodium  chloride, 
or  in  alcohol,  the  liquid  in  tne  cylinder  is  seen  to  diminish  after 
some  time  (fig.  96).     A  larger  quantity  of  water  passes  through 


o  alcohol,  than  the  amount  of  either  oi  these  three  liquids  which 
passes  thiouKh  the  bladder  into  the  water.  The  mixing  of  dissimilar 
substances  through  a  porous  diaphragm  ia  called  Mmosc.  The 
passage  in  larger  proporbona  of  one  liquid  into  another  is  designated 
by  the  term  txotmoit. 

These  phenomena  are  due  to  the  attraction  which  the  two  liquida 
have  for  each  other,  and  to  the  difference  of  the  attraction  exercised 
by  the  diaphragm  upon  these  liquids.  Bladder  takes  up  a  much 
loiger  quantity  of  water  than  m  a  solution  of  salt  or  of  alcohol. 
Veij  ntrely  omly  one  of  the  liquids  tnversea  the  diaphn^m ; 
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gunerally  two  cnnents  of  unequal  atrengtli  move  in  opposil*  ilirec- 
tiona.  When  water  is  separated  hy  an  animal  memlntine  from  a 
solution,  of  Bait  or  from  alcohol,  not  only  ta  a  tranaitioa  of  water 
to  these  liuiiiilB  observed,  but  a  gmall  quantity  of  hydrochloric  acid 
and  of  iilconol  also  piBsea  over  into  the  water.  In  some  caew,  how- 
ever, when  colloidal  substances  in  concentrated  eolulions  are  on  one 
side  of  the  diaphn^m  and  water  on  the  other,  the  latter  alone  ttavErHes 
the  diaiihragm,notatraceof  the  fomierpaMing  through  to  the  water. 
Water  likewise  diiiaolree  gnaea.  Solution  of  gases  in  water  (or  in 
other  liquids)  is  called  absorptvm,  unli-as  this  soluliou  gives  rise  to 
the  formation  of  chemical  compounds  in  delinitf  proportiona.     The 

S'lenomena  of  absorption  have  been  more  paitjcularly  studied  by 
unsen,  to  whom  we  are  iadehted  for  the  most  oocnrate  eiamination 
of  this  aub^ect 

Water  dissolves  very 
very  unequal  quantitit 
1  vol.  of  water  absorbs, 
under  tbt  preasurc  of 
ofdiff. 


^  iadehted  for  the  h 

lequal  quantities  of  the  different  gasen,  and 
01  the  same  j»aa  at  different  lerajiuralurcs. 


gaaes,  measured  at  0°  0.  and  3i}  inches  presfiure  :- 

0-019  1-31 

O'Oia  0-9i 

0-019         o-e; 

SulphDroni    HydrM 


When  the  pressure  increases,  a  larger  quantity  of  the  (•aae*  is 
absorbed.  Oasea  moderately  soluble  in  water  follow  in  their 
solubility  the  law  of  Henry  and  Dalton,  according  to  which  the 
quantity  of  gas  dissolved  is  proportional  to  the  presaure.  At  10°  C. 
1  vol.  of  water  absorbs,  under  a  pressure  of  1  atmosphere,  1-18  voL 
of  carljon  dioxide,  measured  at  0°  and  under  a  pressure  of  30  inche.* 
mercury.  The  quantity  of  carbon  dioxide  dissolved  under  a 
pressure  of  S  atmospheres,  and  measured  under  conditions  precisely 
similar  to  those  of  the  previous  experiments,  equals  2-36  vols. 
Aj^oin,  1  vol.  of  water  diEtsolres  under  a  pressure  of  4  atmosphere, 
0-59  vol.  of  carbon  dioxide  olso  measured  at  0°  and  un^er  30  mchea 
of  mercury.  Gases  which  ore  exceedingly  soluble  in  water  do  not 
obey  this  law,  except  at  higher  temperatures,  when  the  solubility 
has  been  already  considerably  diminished. 

It  deservee,  however,  to  be  noticed,  that  the  pressure  which  deter- 
mines the  rate  of  absorption  of  a  gas  is  by  no  means  the  (reneral 
preasure  to  which  the  ab«orbin^  liquid  is  exposed,  but  that  pressure 
which  the  gas  nnder  consideration  would  exert  if  it  were  alone  pre- 
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Bent  in  the  space  with  which  the  absorbing  liquid  is  in  contact. 
Thus,  supposing  water  to  be  in  contact  .with  a  mixture  of  1  voL  of 
carbon  (fioxide  and  3  vols,  of  nitrogen,  under  a  pressure  of  4  atmo- 
spheres, the  amount  of  carbon  dioxide  dissolved  by  the  water  will  be 
by  no  means  equal  to  that  which  the  water  would  have  absorbed  if 
it  had  been,  at  the  same  pressure  of  4  atmospheres,  in  contact  with 
pure  carbon  dioxide.  In  a  mixture  of  carbon  dioxide  and  nitrogen 
m  the  stated  proportions,  the  carbon  dioxide  exercises  only  ^,  the 
nitrogen  only  |,  of  the  total  pressure  of  the  gaseous  mixture  (4 
atmospheres) ;  the  partial  pressure  due  to  the  carbon  dioxide  is  in 
this  case  1  atmosphere,  that  due  to  the  nitrogen  3  atmospheres ;  and 
water,  though  exposed  to  a  pressure  of  4  atmospheres,  cannot,  under 
these  circumstances,  absorb  more  carbon  dioxide  than  it  would  if 
it  were  in  contact  with  pure  carbon  dioxide  under  a  pressure  of  1 
atmosphere. 

It  IS  necessary  to  bear  this  in  mind  in  order  to  understand  why 
the  air  which  is  absorbed  by  water  out  of  the  atmosphere  diflFers  in 
composition  from  atmospheric  air.  The  latter  consists  very  nearly 
of  21  vols,  of  oxygen  and  79  vols,  of  nitrogen.  In  atmospneric  air 
which  acts  under  a  pressure  of  1  atmosphere,  the  oxygen  exerts  a 
partial  pressure  of  ^,  the  nitrogen  a  partial  pressure  of  -Aftr  atmo- 
sphere. At  10°  C.  1  vol.  of  water  (see  tne  above  table)  absorbs  0*033 
vol.  of  oxygen  and  0*016  vol.  of  nitrogen,  supposing  these  gases  to 
act  in  the  pure  state  under  a  pressure  of  1  atmosphere.  But  under 
the  partial  pressures  just  indicated,  water  of  lOr  C.  cannot  absorb 
more  than  tV»  x  0*033  =  0007  of  oxygen,  and  ^  x  0*016  =  0*13 
voL  of  nitrogen.  In  0*007  +  0*13  =  0*020  vol.  of  the  gaseous  mix- 
ture absorbed  by  water  there  are  consequently  0*007  vol.  of  oxygen, 
and  0*013  vol.  of  nitrogen,  or  in  20  vols,  of  this  mixture,  7  vols,  of 
oxygen,  and  13  vols,  ot  nitrogen,  or  in  100  vols,  of  the  gaseous  mix- 
ture, 35  vols,  of  oxygen  and  69  vols,  of  nitrogen.  The  air  contained 
at  the  common  temperature  in  water  is  thus  seen  to  be  very  much 
richer  in  oxygen  than  ordinary  atmospheric  air.  This  property  of 
water  to  absorb  oxygen  from  the  air  more  readily  than  nitrogen  has 
been  applied  to  the  preparation  of  oxygen  for  inaustrial  use.* 

Air  is  pressed  into  water  by  means  of  a  forcing-pump,  and  the 
gases  which  escape  on  diminisning  the  pressure  are  subjected  to  the 
same  treatment  eight  times  in  succession,  by  which  time  nearly  pure 
oxygen  is  obtainea.  The  following  table  shows  the  composition  of 
the  gaseous  mixture  at  each  successive  stage  : — 


Atmogpheric 
air. 

Composition  after  sncccssiye  pressures. 

1 

3 

8 

4 

6 

6 

7 

8 

N  .     .     79 
0    .     .     21 

66*67 
83*83 

52*6 
47*5 

87*6 
62*5 

25*0 
75*0 

16*0 
86*0 

9*0 
91  0 

6*0 
96  0 

2*7 
97*3 

*  Mallet,  Dingler's  Polyt.  Journal,  czcix.  112. 
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Water  conbuning  a  gM  in  solution,  when  exposed  in  a  Tacnum  or 
in  a  space  filled  witli  anotlier  gaa,  allows  lie  gus  absorbed  Ui  eetape 
until  tiic  quantity  retained  eutreBponds  witli  liie  share  of  the  pressure 
belonging  to  the  gas  evolved.  If  the  latter  be  comslantly  removed 
by  a  powerful  absorbent  or  by  a  good  air-pump,  it  is  in  moat  cases 
easy  to  separate  every  trace  of  gas  from  the  water.  The  same  result 
ie  u)>taiued  whea  water  contajuing  a  gas  in  solution  is  expoeeil  in  a 
.space  of  comparatively  in£nil«  size  filled  with  another  gas.  Water 
in  which  nitrogen  inouoxide  \t  diitMlv^  lo^ea  the  ktt^f  entirely  by 
mere  exposure  to  the  atnioaphere,  and  the  gas  evolved  cannot,  at  any 
moment,  exert  more  than  an  infinitely  amiBJl  share  of  the  pressure. 
If  water  be  freed  from  ^aae«  by  ebullition,  the  seporatioti  depends 
piirtly  upcm  the  diminution  of  the  solubili^  by  the  increaae  of  tcni- 

Jeraturc,  partly  also  upon  the  formation  above  the  surface  of  the 
quid  of  a  constantlv  renewed  atmosphere  into  which  the  gas  still 
rotaiued  by  the  liiiuid  may  escape. 

Some  gases  whicuOre  al>8orbed  in  large  quantitie)i,  and  verv  quickly 
by  wati'j- — hydrochloric  acid,  for  instance— cannot  be  i>er&pUy  ex- 
pelled either  i>y  the  protracted  action  of  another  sas  (exposure  to  the 
atmosphere)  or  by  ebullition  ;  in  such  cases  the  Squid,  still  charged 
with  gas,  evaporalea  as  a  whole  when  it  has  aseumed  a  certain  com- 
position. This  couijKwition  vnriefl,  hnwevcr,  with  the  tem]ieratiire 
It'  the  liquid  be  submitted  to  a  current  of  air,  and  with  the  pressuie 
if  it  be  boOed. 

Liqnida  also  lose  the  gas  they  contain  in  solution  by  freezing  : 
hence  the  air-bubblea  in  ice,  which  coiuist  of  the  air  which  had  been 
abeorbed  from  the  atmoephere  by  the  water.  Gaa  is  retained  by 
liquids  at  the  ti«ezing  temperature  only  when  it  forms  a  chemical 
combination  in  definite  proportion  with  the  liquid.  Water  contain- 
ing chlorine  or  sulphurous  acid  in  solution  freezes  without  evolution 
of  Kfts,  with  formation  of  a  solid  hydrate  of  chlorine  or  sulphurous 

Pure  water  generally  dissolves  gases  more  copiously  than  water 
containing  solid  bodies  in  solution  (salt  water,  for  instance).  If  in 
some  few  cases  exceptions  are  observed  to  take  place,  they  appear  to 
depend  upon  the  formation  of  feeble  but  true  chemical  compounds  i" 


d^nite  proportion  ;  the  fact  that  carbon  dioxide  is  more  copiously 
■bsorbeii  by  water  containing  sodium  phosphate  in  solution  than  bv 
pure  water,  ma;r  perhaps  be  explained  in  this  n 


When  water  is  healetl  in  a  strong  veHsel  to  a  temperature  almve 
that  of  the  ordinary  Iwiliug  point,  its  solvent  powers  are  .'till 
further  increa^d.  Dr.  Turner  enclosed  in  the  upper  part  of  a  high- 
pressure  steam-boiler,  worked  at  149°  C.  (300°  F.),  pieces  of  plate  and 
crown  glass.  At  the  expiTation  of  four  months  the  glass  was  found 
completely  corroded  by  the  action  of  the  water  ;  what  remained  was 
a  white  mass  of  silica,  destitute  of  alkali,  while  stalactites  of  siliceous 
matter,  above  an  inch  in  length,  depended  from  the  little  wire  cage 
which  eudosed  the  glass.  This  experiment  tends  to  illustrate  the 
changes  which  may  be  produced  by  the  action  of  water  at  a  high  teiu- 
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pmtnte  in  the  interior  of  the  earth  upon  felspathic  and  other  rocks. 
The  phenomenon  is  manifest  in  the  Geyser  springs  of  Iceland,  which 
deposit  siliceous  sinter. 

Hydrogen  Dioxide,  H^O,,  sometimes  called  Oxygenated  water, 
is  an  exceedingly  interesting  substance,  ^but  very  difficult  of  prepara- 
tion. It  is  formed  by  dissolving  barium  dioxide  in  dilute  hydro- 
chloric acid  carefully  cooled  by  ice,  and  then  precipitating  the  barium 
by  sulphuric  acid ;  the  excess  of  oi^en  of  the  dioxide,  instead  of 
being  disengaged  as  gas,  unites  with  a  portion  of  the  water,  and  con- 
verts it  into  hydrogen  dioxide.  This  treatment  is  repeated  with  the 
same  solution  and  fresh  portions  of  the  barium  dioxiae,  until  a  con- 
siderable quantity  of  the  latter  has  been  coiiJsumed,  and  a  correspond- 
ing amount  of  hydrogen  dioxide  formed.  ^The  liquid  yet  contains 
hydrochloric  acid,  to  get  rid  of  which  it  is  treated  in  succession  with 
silver  sulphate  and  baryta-water.  The  whole-process  requires  the 
utmost  care  and  attention.  The  barium  dioxide'itself  is  prepared  by 
exposing  pure  baryta,  contained  in  a  red-hot  porcelaiin  tube,  to  a  stream 
of  oxygen.  The  solution  of  hydrogen  dioxide  may  be  concentrated 
under  the  air-pump  receiver  until  it  acquires  the  specific  gravity  of 
1*45.  In  this  state  it  presents  the  aspect  of  a  colc^tess,  transparent 
inodorous  liquid,  possessing  remarkable  bleaching  powers.  It  is  very 
prone  to  decomposition ;  the  least  elevation  of  temperature  causes 
effervescence,  due  to  the  escape  of  oxygen  gas;  near  100°  it  is 
decomposed  with  explosive  violence.  £^drogen  dioxide  contains 
exactly  twice  as  much  oxygen  as  water,  or  16  parts  to  one  part  of 
hydrogen. 
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Atomic  weight,  14 ;  symbol,  K. 

Nitrogen*  constitutes  about  four-fifths  of  the  atmosphere,  and 
enters  into  a  great  variety  of  combinations.  It  may  lie  prepared 
by  several  methods.  One  of  the  simplest  of  these  is  to  outn  out 
the  oxygen  fi'om  a  confined  portion  of  air  by  phosphorus,  or  by  a 
jet  of  hydrogen.  • 

A  small  porcelain  capsule  is  floated  on  the  water  of  the  pneu- 
matic trougn,  and  a  piece  of  phosphorus  is  placed  in  it  and  set  on 
fire.  A  bell-jar  is  then  inverted  over  the  whole,  and  suffered  to 
rest  on  the  shelf  of  the  trough,  so  as  to  project  a  little  over  its  edge. 
At  first  the  heat  causes  expansion  of  the  air  of  the  jar,  and  a  few 
bubbles  are  expelled,  after  which  the  level  of  the  water  rises  con- 
siderably. When  the  phosphorus  becomes  extinguished  by  exhaus- 
tion of  the  oxygen,  and  time  has  been  giveni  for  the  subsidence  of 

*  i.e.,  (Generator  of  nitre ;  also  called  ^«ote,  from  a,  privative,  and  £c»i^,  life. 
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the  cloud  of  finely  diviikil  si 

in  the  residual  gas,  the  mtrogen 


y-like  phogphoric  oxide  which  floats 
n  may  lie  traraferred  into  another 
vesBel,   and    its    propertiea    ex- 
amined. 

Prepared  by  the  foregoing  pri>- 
ceBs,  nitrogen  is  contaminated 
with  a  little  vapour  of  phoB- 
phoruB,  which  comnmnicat^B  ita 
peculiar  odour.  A  preferable 
method  is  to  fill  a  porcelain  tube 
with  turnings  of  copper,  or,  atill 
better,  with  the  aponj^  metal 
obtained  by  reducing  the  oiide 
n-ith  hydrogen ;  to  heat  this  tube 
to  redness;  and  then  paas  through 
it  a  slow  stream  of  atmospheric 
air,  the  oxygen  of  which  le  en- 
tirely remored,  during  its  pro- 
gresn,  by  the  heated  copper. 
If  chlorine  oas  be  passed  into  solution  of  ammonia,  the  latter 
Bnbstauce,  which  ie  a  compound  of  nitrogen  wilb  hydrogen,  is 
decomposeil ;  tlie  cliloiiiie  combines  with  the  hydro^*n,  and  the 
nitrc^n  ie  set  free,  with  effervescence.  lAjthis  manner  very  pure 
nitrogen  can  be  obtained.  In  making  this  experiment,  it  is  neces- 
aaiy  to  atop  short  of  satumting  or  decomposing  the  whole  of  the 
ammonia;  otherwise  there  will  be  great  risk  of  accident  from  the 
formation  of  an  exceedingly  dangerous  explosive  compound,  pro- 
duced by  the  contact  of  chlorine  with  an  ammoniacal  salt. 

Anotlier  very  easy  and  perfectly  safe  method  of  obtaining  pure 
mtrogen  is  to  decompoEe  a  solution  of  potassium  nitrite  'uith 
ammonium  chloride  (sal-ammoniac).  The  potassium  nitrite  is  pre- 
pared bjf  passing  the  red  vapours  of  nitrousacid,  obtained  by  healing 
dilute  nitric  acid  with  starch,  into  a  solution  of  caustic  potash.  On 
boiling  the  resulting  solution  with  sal-ammoniac,  nitrogen  cms  is 
evolved,  while  potassium  chloride  remains insolution.  There 
is  represented  by  the  equation, 

KNOj  +       NH,C1     =     Ka     -H     2H5O      +       N,. 


Nitrogen  is  destitute  of  colour,  taste,  and  odour ;  it  is  a  little 
lighter  tDan  air,  its  density  being  0'972.  A  titer  of  the  gas  at  0°  C. 
and  760  mm.  barometric  pressure  weighs  1'256C8  gram.  100  cubic 
inches,  at  60°  F,  and  30  inches  bwiDmeter,  weigh  30'14  prains. 
Nitrogen  is  incapable  of  sustaining  combustion  or  animal  life, 
although,  like  hydrc^n,  it  has  no  positive  poisonous  properties; 
neither  is  it  soluble  to  any  notable  extent  in  water  or  in  caustic 
alkali ;  it  is,  in  &ct,  best  chaiacterised  by  negative  properties. 
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Atmospheric  Air. — The  exact  composition  of  the  atmoKphere  has 
repeatedly  been  made  the  subject  of  experimental  lesearclL  Besides 
nitrogen  and  oxygen  the  air  contains  a  little  car1x)n  dioxide  (carbonic 
acid),  a  very  variable  proportion  of  aqueous  vapour,  a  trace  of  am- 
monia, and,  perhaps,  a  little  carburetted  hydrogen.  The  oxygen  and 
nitrogen  are  m  a  state  of  mixture,  not  of  combination,  yet  their  ratio  is 
always  uniform.  Air  has  been  brought  from  lofty  Alpine  heights,  and 
compared  with  that  from  the  plains  of  Egypt ;  it  has  been  brought 
from  an  elevation  of  21,000  feet  by  the  aid  of  a  balloon  ;  it  has  b^n 
collected  and  examined  in  London  and  Paris,  and  many  other  places  ; 
still  the  proportion  of  oxygen  and  nitrogen  remains  unaltered,  the 
diffusive  energy  of  the  gases  being  adequate  to  maintain  this  per- 
fect uniformity  of  mixture.  The  carbon  dioxide,  on  the  contrary, 
being  much  influenced  by  local  causes,  varies  considerably.  In  the 
following  table  the  proportions  of  oxygen  and  nitrogen  are  riven  on 
the  authority  of  Dumas,  and  the  carbon  dioxide  on  that  of  De  Saus- 
sure :  the  ammonia,  the  discovery  of  which  in  atmospheric  air  is 
due  to  Liebig,  is  too  small  in  quantity  for  direct  estimation. 

Composition  of  the  Atmosphere. 

Bj  welftlit.        By  measDre. 

Nitrogen, 77  parts  7919 

Oxygen, 23    „  20*81 

100  100-00 

Carbon  dioxide,  from  3*7  measures  to  6*2  measures  in  10,000 
measures  of  air. 

Aqueous  vapour  variable,  depending  much  upon  the  tempera- 
ture. 

Ammonia,  a  trace. 

Dr.  Frankland  has  analysed  samples  of  air  taken  by  himself  in 
the  valley  of  Chamouni,  on  the  summit  of  Mont  Blanc,  and  at  the 
Qrands  Mulets.    The  following  are  the  results  of  his  analyses  : — 

Carbon  Dioxide.  Oxygen. 

Chamouni  (3000  feet),     .        .        0*063  20-894 

Grands  Mulets  (11,000  feet),  .        0*111  20*802 

Mont  Blanc  (16,732  feet),        .        0*061  20*963 

A  liter  of  pure  and  dry  air  at  0°  C.  and  760  mm.  pressure  weighs 
1*29366  grams.  100  cubic  inches  at  60°  F.  and  30  inches  barom. 
weigh  30*935  grains:  hence  a  cubic  foot  weighs  536*96  grains, 
which  is  tH  of  the  weight  of  a  cubic  foot  of  water  at  the  same 
temperature. 

Tne  analysis  of  air  is  very  well  effected  by  passing  it  over  finely 
divided  copper  contained  in  a  tube  of  hard  glass,  carefully  weighed 
and  then  heated  to  redness :  the  nitrogen  is  suffered  to  flow  into  an 
exhausted  glass  globe,  also  previously  weighed.    The  increase  in 
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wai^lit  of  the  coppor  ofUr  the  eiperinieiit  dves  the  amount  oi 
nxy^l^n,  aud  the  iucivase  in  wuij^ht  of  the  exliau»l«d  globe  gives 
the  uitroKiin. 

An  euier,  hut  less  accurate  method,  eoniisla  in 
Pig.  IDO.  introducing  into  a  graduated  tuliv,  standing  over 
,  wat«r,  EL  known  (juantity  of  the  uir  to  he  examined, 
and  then  passing  into  the  latter  a  Mick  of  phogphoma 
affiled  U)  the  end  of  ft  wire.  The  whnle  is  left  aboat 
tweuty-fonr  hours,  during  which  the  oxygen  is  alowlj 
but  completely  absorbed,  after  which  the  phoiphonu 
in  withdrawn,  and  the  retsidnul  gut  read  off. 

Liebig  propiwed  the  use  of  an  alkaline  solntion 
of  pyrosalliu  acid  (a  substance  which  will  be  de- 
BLTilied  in  the  deputment  of  organic  chemistry)  for 
the  absorrtion  of  oxygen.  The  absorptive  power  ot 
HUi^h  a  solution,  which  turns  deep  block  on  <roming 
in  contact  with  the  oxygen,  ia  very  c^nsidemblei 
Liebig'a  method  combines  great  accuracy  with  un- 
usual rapidity  and  facility  of  eietrution. 

Another  plan  is  to  mix  the  nir  with  hydrogen  and 
"    ■■  j'lu^s  «n  electric  spark  through  the  mixture  :  nftel 

explosion  the  Tolume  of  gas  is  read  off  and  com- 
pared with  that  ci(^  the  air  employed.  Since  the  analyaia  of  gaseous 
bodies  by  explosion  is  on  operation  of  grent  importance,  it  may  he 
_  ,„.  worth  while  to  descrilie  the 

process  in  dctoil,  as  it  is  appli- 
cable, with  certain  obvious 
variations,  to  a  number  of 
analogous  cases. 

Instruments  for  this  purpcise 
are  called  eudiometers.  The 
simplest,  and,  on  the  whole, 
the  inost  convenient,  consistw 
of  a  straight  graduated  glasn 
tnbe  (fig.  101)  closed  at  the 
top,  and  having  platinum  wires 
inserted  near  the  dosed  end, 
to  give  passage  to  an  electric 
BparL  This  tube  is  filled  with 
mercnry,  and  inverted  in  a 
mercurial  pneumatic  troiif>h. 

For  the  analysis  of  air,  a 
quantity  enlficient  to  fill  about 
one-sixth  of  the  tnbe  is  intro- 
duced, and  its  volume   accu- 
rately ascertained  by  reading 
cope  the  number  of  divisions  on  the  tube  to  whicn 
the  mercury  reaches,  whilst  the  height  of  the  column  of  mercury  in 
the  tube  above  the  trough,  together  with  that  of  the  barometer,  and 
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the  temperature  of  the  air,  are  also  read  off.  A  quantity  of  pure 
hydrogen  gas  is  now  added,  more  than  sufficient  to  unite  witn  all 
the  oxygen  present  (about  naif  the  volume  of  the  air);  and  the 
volume  of  the  gas  and  the  pressure  exerted  upon  it,  are  determined 
as  before.  An  electric  spark  isnow  passed  through  the  mixture,  care 
being  taken  to  prevent  any  escape,  by  pressing  the  open  end  of  the 
eudiometer  against  a  piece  of  sheet  caoutchouc  under  the  mercury  in 
the  trough.  After  the  explosion,  the  volume  is  again  determined, 
and  is  found  to  be  less  than  that  before  the  explosion.  The  volume 
of  gas  read  off  must  in  each  case  be  reduced  to  standard  pressure  and 
temperature  by  the  method  already  given  (p.  30). 

Now,  since  the  hydrogen  is  in  excess,  and  2  volumes  of  that  gas 
unite  with  1  volume  of  oxygen  to  form  water,  one-third  of  the 
diminution  must  be  the  volume  of  the  oxygen  contained  in  the  air 
introduced.    An  example  will  render  this  clear ; — 


Air  introduced. 


100  measures. 


Air  and  hydrogen, 
Volume  after  explosion, 


160 
97 


Diminution, 
63 


63 


^  s>  21  s  oxygen  in  the  100  measures. 


Comjxmnds  of  Nitrogen  and  Oxygen, 

There  are  five  distinct  compounds  of  nitrogen  and  oxygen,  thus 
named  and  constituted : — 

.  Compotltioii. 


Monoxide,  .  . 
Dioxide,  .  .  . 
Trioxidc,  or  Nitrous 

oxide,      .     .     . 
Tetroxide, 


Fonniilft. 

N.O 

N,0,  or  NO 

N.O, 


By  weight 
KItrofren.    Ozjiren. 


By  Yohiine. 
Kltrogea.    Oxycfen. 


28 
28 


16 
32 


2 

2 


1 
2 


28 
28 
28 


48 
64 
80 


2 
2 
2 


8 
4 
5 


.     .       N,04orNO, 
Pentoxide,  or  Nitric  )  -vr  ^i 
oxide,      .    .     .      {^«"« 

A  comparison  of  these  numbers  will  show  that  the  quantities  of 
oxygen  which  unite  with  a  given  quantity  of  nitrogen  are  to  one 
another  in  the  ratio  of  the  numbers  1,  2,  3,  4,  5. 

The  first,  third,  and  fifth  of  the  compounds  in  the  table  are 
capable  of  taking  up  the  elements  of  water  and  of  metallic  oxides 
to  form  salts  (p.  123),  called  respectively  hyponitrites,  nitrites, 
and  nitrates,  the  hydro^n  salts  being  also  called  hyponitrous, 
nitrous,  and  nitric  acid. 


The  composition  of  these  acids  and  of  thrir 
represented  by  the  following  fonnuliE  ; — 

Hydrooen  hyponitrite,  or  Hyponitroua  acid,    H.O.N.O    or  HNO 
PJtaMia.u  hjTonitrite,    ...        .        K,O.N,0    or  KNO 

Hydroi^en  nitrite,  at  Nitroui  acid,  H,O.N,0,  or  HNO, 

Pota«aiuin  nitrite,  ....        K,O.N,0,  or  KNO, 

H,O.N,0,  or  HNO, 
K,O.N,Os  or  KNO, 

The  dioxide  and  tetrozide  of  nitrogen  do  not  fonn  e«lta. 

It  will  lie  convenient  toeomioence  the  deBcn}>tion  of  these  com- 
pounds  with  the  last  on  the  list,  Tiz,,  the  pentozide,  as  its  ults,  the 
nitrates,  are  tlie  eonrcee  from  which  all  the  other  compounds  in  the 
Beriea  are  obtained. 

Nitrogen  Peutoxlds,  ta  Hitxio  Ozid«,  N,0^  (also  eeJled 
Anhydrous  Nitric  Aeid,  or  Nitric  ^nAydrub.) — Tnis  compound 
was  dincovered  in  1B49  by  Deville,  who  obtained  it  by  ex- 
fWBing  silver  nitrate  tn  the  action  of  chlorine  ^b.  Chlorine  and 
silver  then  combine,  forming  silver  chloride,  which  remains  in  the 
apparatus,  while  oicygen  and  nitrogen  pentoxide  separate : 

AgjO.NjOs  +  01,  =  2AgCl  +  NjOj. 

It  may  also  be  prepared  by  slowly  distilling  pure  and  highly  con- 
centrated nitric  acid  at  a  blood-heat  with  phosphoric  oxide,  a  sub- 
stance which  has  a  very  powerful  attraction  for  water.  The 
distillate  consisla  of  two  layers  of  liquid,  the  upper  of  •which  is 
nitrogen  pentoxide  mixed  with  nitrous  and  nitnc  acids  ;  and  on 
separating  this  upper  layer,  and  cooling  it  with  ice  or  n  freezing 
mixture,  the  pentoxide  separates  in  crystals. 

Nitrogen  pentoxide  is  a  colourless  substance,  crystallising  In  six- 
sided  prisms,  which  melt  at  30°,  and  boil  between  45"  and  50°,  when 
they  begin  to  decompose.  Its  specific  gravity  in  the  solid  state  as 
above  1'64  ;  in  the  liquid  stat«  below  r636.  Nitrogen  pentoxide 
sometimes  explodes  spontaneouglj.  It  dissolves  in  water  with 
great  rise  of  temperature,  forming  hydrogen  nitrate  or  nitric  acid. 
It  also  unites  with  a  smaller  proportion  of  water,  forming  the  heni- 
hydrale  2N,0j.H,0,  which  constitutes  the  chief  part  of  the  lower 
layer  of  the  distillate  obtained  in  the  manner  just  described.  It  is 
liquid  at  otdinaty  temperatures,  but  crystallises  in  a  freezing  mix- 


KiTRATEe— Nitric  Acid. 
other  hot  dry  climates  where  rain  is  rare,  the  surface  of  thi 
occasionally  covered  by  a  saline  effloiesence,  like  that  ~ 
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apparent  on  newly  plastered  walls ;  this  snbstance  collected,  dis- 
solved in  hot  water,  and  crystallised  from  the  filtered  solution, 
furnishes  the  highly  important  salt  known  in  commerce  as  nitre  or 
saltpetre,  and  consisting  of  potassium  nitrate.  To  obtain  nitric 
acid,  equal  weights  of  powdered  nitre  and  strong  sulphuric  acid  are 
introduced  into-  a  glass  retort',  and  heat  is  appned  Dy  means  of  a 
gas-lamp  or  charcoal  chauffer.  A  flask,  cooled  by  a  wet  cloth,  is 
adapted  to  the  retort  to  serve  for  a  receiver.  No  luting  of  any  kind 
must  be  used. 

As  the  distillation  advances,  the  red  fumes  which  first  arise 
disappear,  but  towards  the  end  of  the  process  they  again  become 
mamlest.  When  this  happens,  and  very  little  liquid  passes  over, 
while  the  greater  part  of  the  saline  matter  of  the  retort  is  in  a  state 
of  tranquil  fusion,  the  operation  may  be  stopped ;  and  when  the 
retort  is  quite  cold,  water  may  be  introduced  to  dissolve  out  the 
saline  residue.  The  reaction  consists  in  an  interchange  between  the 
potassium  of  the  nitre  and  half  the  hydrogen  of  the  sulphuric  acid 
(hydrogen  sulphate),  whereby  there  are  firmed  hydrogen  nitrate 
which  distils  over,  and  hydrogen  and  potassium  sulphate  which  re- 
mains in  the  retort. 

KNO3     +     H2SO4     =     HNOs     +     HKSO4 

Potassitim  Hydrogen  Hydrogen  Hydrogen  and 

nitrate.  iulphat«.  nitrate.  potassium  sulphate. 

In  the  manufacture  of  nitric  acid  on  the  large  scale,  the  glass 
retort  is  replaced  by  a  cast-iron  cylinder,  and  the  receiver  by  a 
series  of  earthen  condensing  vessels  connected  by  tubes.  Sodium 
nitrate,  found  native  in  Peru,  is  now  generally  su  Dstituted  for  potas- 
sium nitrate. 

Nitric  acid  thus  obtained  has  a  specific  gravity  of  from  1*5  to 
1*52  ;  it  has  a  golden-yellow  colour,  due  to  nitrogen  trio^cide,  or 
tetroxide,  which  is  held  in  solution,  and,  when  the  acid  is  diluted 
with  water,  gives  rise  by  its  decomposition  to  a  disengagement  of 
nitrogen  dioxide.  Nitric  acid  is  exceedingly  corrosive,  staining  the 
skin  deep  yellow,  and  causing  total  disorganisation.  Poured  upon 
red-hot  powdered  charcoal,  it  causes  brilliant  combustion;  and  wnen 
added  to  warm  oil  of  turpentine,  acts  upon  that  substance  so  ener- 
getically as  to  set  it  on  tire. 

Pure  nitric  acid,  in  its  most  concentrated  form,  is  obtained  by 
mixing  the  above  with  about  an  equal  quantity  of  strong  sulphuric 
acid,  redistilling,  collecting  apart  the  first  portion  which  comes  over, 
and  exposing  it,  in  a  vessel  slightly  warmed  and  sheltered  from  the 
light,  to  a  current  of  dry  air  made  to  bubble  through  it,  which  com- 
pletely removes  the  nitrous  acid.  In  this  state  the  product  is  as 
colourless  as  water ;  it  has  the  bd.  gr.  1*517  at  15*5®  (60°  F.),  boils 
at  84*5°  (184°  F.),  and  consists  of  54  parts  nitrogen  pentoxide  and  9 
parts  water.  Although  nitric  acid  in  a  more  oulute  form  acts  very 
violently  upon  many  metals,  and  upon  organic  substances  generally, 
this  is  not  the  case  with  the  most  concenSated  acid :  even  at  a  bou- 
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ing  heat,  it  reftises  to  attack  iioa  or  tin  ;  and  its  mode  of  action  otf 
lignin,  ntarcb,  and  aimilar  subatanc^s,  ie  quite  peculiar,  and  vtry 
much  lets  ene^etic  than  that  of  no  atiid  contaiaing  mora  water. 

On  lii)iliiitf  nitric  acid  of  different  degrees  of  concentration,  at  the 
ordinary  at:mos]iheric  pressara,  a  nwidue  is  left,  boiling  at  12(1-6°  and 
29  inches  barometer,  and  having  the  ap.  gr.  1-414  at  15-5°.  This 
acid  was  formerly  supposed  to  be  ft  definite  compound  of  nitric  acid 
with  water  ;  but  Soecoe  hoB  recently  proved  thta  uwumption  to  b? 
incorTfct,  the  compoailion  of  the  acid  varying  accordiiig  to  the  pres- 
Bure  Under  which  the  liquid  boila. 

The  nitratee  form  a  very  extenaiva  and  inifwrtant  Rroup  of  bbUb, 
which  are  remarkable  for  being  all  aolnble  in  water.  Hydrogen 
nitrate  ia  of  great  use  in  the  laboratory,  and  in  many  branches  of 
induBtry. 

The  acid  prepared  in  the  way  described  is  apt  to  contain  tmceB 
of  chlorine  rrom  common  salt  in  the  nitre,  and  sometimes  of  sulphate 
from  accidental  splashing  of  the  l»ety  maw  in  the  retort.  To  dis- 
cover thene  impurities,  a  portion  it  diluted  with  four  or  five  times 
its  bulk  of  diBtilled  water,  and  divided  between  two  Klasaea.  Solu- 
tion of  silver  nitrate  ia  dropped  into  the  one,  and  solution  of  barium 
nitratp  into  the  other ;  if  no  change  ensue  in  either  ciise,  tliG  ni'iU  is 
free  from  the  impuritii^s  m"ntioni^il. 

Nitric  acid  has  been  formed  in  small  quantity,  by  passing  a  scries 
of  electric  sparks  through  a  portion  of  air  in  contact  with  water  or 
an  alkaline  solution.  The  amount  of  acid  so  formed  after  many 
hours  is  very  miuute  ;  still  it  is  not  impossible  that  powerful  dis- 
charges of  atmospheric  electricity  may  Bometimes  occasion  a  trifling 
production  of  nitric  acid  in  the  air.  A  veir  minute  quantity  of 
nitric  acid  is  produced  by  the  combustion  of  bydrofjen  and  other 
subetances  in  the  atmosphere;  it  is  also  formed  by  the  oxidation  of 


Nitric  acid  iB  not  so  easily  detected  in  solution  in  small  quantities 
as  many  other  acids.  Owing  to  the  solubility  of  all  its  compounds, 
no  precipitaiU  can  be  found  S>i  this  acid.  A  good  mode  of  testing  it 
is  based  upon  its  powerofbleachingaaolution  of  indigo  in  sulphuric 
acid  when  boilea  with  that  liquid.  The  absence  of  chlorine  must 
be  insured  in  this  experiment  by  means  which  will  hereafter  l>e 
described  ;  otherwise  the  result  is  equivocal. 

The  best  method  for  the  detection  of  nitric  acid  is  the  following  : 
— The  substance  to  be  exaniined  is  boiled  with  a  small  quantity  of 
water,  and  the  solution  cautiously  mixed  with  an  equal  volume  of 
concentrated  sulphuric  acid;  the  liquid  ia  then  allowed  to  cool,  and 
A  strong  solution  of  ferrous  sulphate  carefully  poured  upon  it,  so  as 
to  form  a  separate  layer.  If  large  quantities  of  nitric  acid  are  pre- 
sent, the  surtace  of  contact  first,  and  then  the  whole  of  the  liquid, 
becomes  black.  If  but  Bmall  quantities  of  nitric  acid  ore  present, 
the  liquid  beooraea  reddish-brown  or  purple.  The  ferrous  sulphate 
reduces  the  nitric  add  to  nitrogen  dioxide,  which,  dissolving  in  the 
oration  of  ferrous  sulphate,  imparts  to  it  a  dai^  colour. 
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Fig.  103. 


JTitrogen  Monozidey  N.O  (sometimes  called  Nitrous  Oxide;  also 
Laughing  Gas.) — When  solid  ammonium 
nitrate  is  heated  in  a  retort  or  flask'*^  (fig.  102), 
furnished  with  a  perforated  cork  and  bent 
tube,  it  is  resolvea  into  water  and  nitrc^en 
monoxide,  NH4N03-2H,0+N20. 

No  particular  precaution  is  required  in 
the  operation,  save  due  regulation  of  the  heat, 
and  tne  avoidance  of  tumultuous  disengage- 
ment of  the  gas. 

Nitrogen  monoxide  is  a  colourless,  trans- 
parent, and  almost  inodorous  gas,  of  distinctly 
sweet  taste.  Its  specific  gravity  is  1*525  ;  a 
litre  of  it  weighs  1*97172  gram;  100  cubic 
inches  weigh  47*29  grains.  It  supports  the 
combustion  of  a  taper  or  a  piece  of  phos- 
phorus with  almost  as  much  energy  as  pure 
oxygen :  it  is  easily  distinguished,  however, 
from  that  gas  by  its  solubiUty  in  cold  water, 
which    dissolves   nearly  its    own    volume: 

hence  it  is  necessary  to  use  tepid  water  in  the  pneumatic  trough 
or  gas-holder,  otherwise  great  loss  of  ^  will  ensue. 

Gaseous  nitrogen  monoxide  mixed  with  an  equal  volume  of  hydro- 
gen, and  fired  by  the  electric  spark  in  the  eudiometer,  ex^odes 
with  violence,  and  liberates  its  own  measure  of  nitrogen.  Every 
two  volumes  of  the  gas  must  consequently  contain  two  volumes 
of  nitrogen  and  one  volume  of  oxygen,  the  whole  condensed 
or  contracted  one-third — a  constitution  resembling  that  of  vapour 
of  water. 

The  most  remarkable  propertv  of  this  gas  is  its  intoxicating  power 
upon  the  animal  system.  If  ouite  pure,  or  merely  mixed  with  atmo- 
spheric air,  it  may  be  respired  for  a  snort  time  without  danger  or  incon- 
venience. The  effect  is  very  transient,  and  is  not  follow^  by  depres- 
sion. The  gas  is  now  mucn  used  as  an  anaesthetic  in  dental  surgery. 
Nitrogen  .monoxide  has  been  liquefied,  but  with  diflBculty ;  it 
requires,  at  45°  F.  (7*2°C.),  a  pressure  of  50  atmospheres  :  the  liquid 
monoxide  has  a  specific  gravity  of  0*9004  ;  it  is  not  miscible  with 
water.  Faraday  solidified  it  by  exposing  it  in  a  sealed  tube  to  the 
cold  produced  by  a  mixture  of  solia  carlx>nic  acid  and  ether,  but  he 
supposed  that  it  could  not  be  solidified  by  the  cold  produced  by  its 
own  evaporation.  This,  however,  may  be  effected  if  the  evaporation 
be  accelerated  by  a  strong  current  of  air.    A  very  fine  steel  tube  is 

*  Florence  oil-flasks,  which  may  be  purchased  at  a  very  trifling  sum,  con- 
stitute exceedingly  osefal  veesels  for  cnemical  purposes,  and  often  supersede 
retorts  or  other  expensive  apparatus.  They  are  rendered  still  more  valuable 
by  cutting  the  neck  smoothly  round  with  a  hot  iron,  softening  it  in  the  flame 
of  a  good  Argand  gas-lamp,  or  Bunsen  burner,  and  then  turning  over  the  edge 
so  as  to  fonn  a  Up  or  boroer.  The  neck  will  then  bear  a  tightly-fitting  cone 
without  risk  of  splitting. 
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(Ijrecteil  into  tba  uda  of  a  thin  braaa  cone,  having  a  nnall  opening, 
about  thu  uiglith  of  an  inch,  at  its  apex.  On  causing  a  eCream  of  the 
liquid  t«i  issne  from  the  jet,  it  is  retained  in  the  cone  for  a.  moment, 
and  then  foTcibW  blown  out  at  the  apex,  to)^ther  with  a  strong 
Btream  of  air.  The  solid  is  in  this  way  fonned  in  some  qnanlity, 
and  may  be  collected  in  a  dkh  lined  with  filter-paper,  or  other  Bult- 
able  vessel.  Solid  nitrogen  monoxide  ia  more  compact  in  appear- 
ance tlian  solid  carbonic  acid,  and,  nnlike  the  latter,  it  melbi  and 
boils,  if  geuCly  wanned,  befote  passing  into  the  gaseous  state  :  hence 
if  placed  in  contact  wilji  the  sliin,  it  pruducea  a  painful  blivter,  like 
a  bum.  The  melting  or  freezing  point  of  the  monoiide  is  — 120°  F. 
""■  "  '  "i  boiling  point -109°  F.  or- 92°  C.  '  '  " 
[ling  and  treezinH  pointa  which  rendt 
aible  to  freeze  the  liquid  by  simply  blowing  air  Ihrongh  it* 

HYPosiTBona  Acid,  N,0.H,0,  or  HNO,— When  a  solation  of 
sodium  nitrate,  NaKO»  or  ammonium  nitrate,  NH..NO],  is  treated 
with  sodium  amalgam  (a  compound  of  sodium  ana  mercury),  the 
nitrate  gives  np  9  atoms  of  oxygen  to  the  sodium,  and  is  reduced  to 
hyp>initrite,  NaNO.  On  neutralising  the  excess  of  allcali  in  the 
lifjuid,  by  addinij  acetic  acid  till  the  sulvitinii  no  lonj,'er  givps  a 
brown  or  black  precipitate  (of  silver  oxide)  with  aOver  nitrate,  a 
solution  of  sodium  nyponitrite  is  obtained,  which  is  alkaline  to 
test-paper,  and  gives  with  silver  nitrate  a  yellow  precipitate  of 
silver  nyponitrite,  AgNO.  When  the  original  alkaline  liquid  is 
acidified  with  acetic  acid,  and  heated,  the  hyponitrous  acid  is 
resolved  into  water  and  nitrogen  monoxide,  which  escapes  as  gas, 
2HNO-H,0-t-N,0.t 


proximity  of  the  boiling  and  treezinH  pointa  which  renders  it  pos- 


NitroffMt  Dioxide,  N.Oj  or  NO  (sometimes  called  A^tfricOrirfe.) 
— Clippings  or  turnings  oi  copper  are  put  into  the  apparatus 
employed  for  preparing  hydrogen  (p.  129),  together  with  a  little 
water,  and  nitnc  acid  is  added  by  the  funnel  until  brisk  efferves- 
cence is  excited.  The  gas  may  be  collected  over  cold  water,  as  it 
is  not  sensibly  soluble. 

The  reaction  is  a  simple  deoxidation  of  some  of  the  nitric  acid 

by  the  copper;  the  metal  is  oxidised,  and  the  oxide  so  formed  is 

dissolved  liy  another  portion  of  the  acid,  forming  copper  nitrate. 

Nitric  acid  is  very  proue  to  act  thus  upon  certain  metals : — 

8HN0,  +  Cuj  =  NjO,  -f-  3Cu'(N0j),  +  4H,0. 

The  gas  obtained  in  this  manner  is  colourless  and  transparent : 
in  contact  with  air  or  oxygen  gas  it  produces  deep  red  fumes, 
which  are  readily  absorbed  by  water  :  this  character  is  suificient 
to  distinguish  it  from  all  other  gaseous  bodies.    A  lighted  taper 

•Wills,  Cbem,  3oc.  Jour.  1874.  p.  SI. 
"' 1,  Proceedinga  otthe  Royal  Society,  liz.  425;  Chem.  Soc  Jaum., 


1871,  p. 


NITROGEN.  161 

plunged  into  the  gas  is  extin^shed ;  lighted  phosphorus,  how- 
ever, bums  in  it  with  great  briUiancy. 

The  specific  gravity  of  nitrogen  dioxide  is  1*039  ;  a  litre  weighs 
1*34343  grams.  It  contains  equal  measures  of  oxygen  and  nitro- 
gen gases  united  without  condensation.  When  this  gas  is  passed 
mto  the  solution  of  a  ferrous  salt,  it  is  absorbed  in  large  quantity, 
and  a  deep  brown,  or  nearly  black  liquid  produced,  whicn  seems 
to  be  a  aefinite  compound  of  the  two  substances  (p.  160).  The 
compound  is  decomposed  by  boiling. 

Nitrogen  Triozide,  or  Nitrous  Oxide,  N^Og.  —  When  four 
measures  of  nitrogen  dioxide  are  mixed  with  one  measure  of  oxygen, 
and  the  cases,  perfectly  dry,  are  exposed  to  a  temperature  of  — 18", 
they  condense  to  a  thin  mobile  blue  liquid,  which  emits  orange-red 
vapours. 

Nitrogen  trioxide,  sufficiently  pure  for  most  purposes,  is  obtained 
by  pourmg  concentrated  nitric  acid  on  lumps  of  arsenious  acid,  and 
gently  warming  the  mixture,  in  order  to  start  the  reaction.  The  tri- 
oxide is  then  evolved  as  an  orange-red  gas,  arsenic  acid  remaining 
behind. 

Nitrogen  trioxide  is  decomposed  by  water,  being  converted  into 
nitricacidand  nitrogen  dioxide :  3N2O3+ H2O  =  2HNO3+ 2N2O2.  For 
this  reason  it  cannot  be  made  to  unite  directly  with  metallic  oxides ; 
potassium  nitrite  may,  however,  be  prepared  by  fusing  potassium 
nitrate,  whereby  part  of  its  oxygen  is  driven  off;  and  many  other  salts 
of  nitrous  acid  may  be  obtained  by  indirect  means.  Thus  a  solution 
of  potassium  or  so<uum  nitrite  may  be  prepared  bypassing  the  vapour 
of  nitrogen  trioxide,  obtained  as  above  by  heating  nitric  acid  with  arse- 
nious acid  (or  with  starch),  into  a  solution  of  caustic  potash  or  soda. 

Nitrog^en  Tetroxide,  N2O4  or  NOj  also  called  Nitric  Peroxide, — 
This  is  the  principal  constituent  of  the  deep  red  fuimes  always 
produced  when  nitrogen  dioxide  escapes  into  the  air. 

It  may  be  obtained  in  the  pure  state  : — 1.  By  exposing  a  mixture 
of  2  vols,  nitrogen  dioxide  and  1  vol.  oxygen  incorporated  by 
passing  through  a  tube  filled  with  broken  porcelaiu,  and  thoroughly 
oried  by  transmission  over  pumice  soaked  in  oil  of  vitriol  and  then 
over  recently  fused  stick  potash,  to  the  action  of  a  freezing  mixture 
of  salt  and  ice ;  the  tetroxide  condenses  in  transparent  crystals,  or  if 
the  slightest  trace  of  moisture  is  present,  into  an  almost  colourless 
liquid.  2.  By  the 'direct  combination  of  oxygen  with  the  trioxide, 
as  when  a  stream  of  oxygen  is  passed  into  the  mixture  of  the 
trioxide  and  other  oxides  01  nitrogen  evolved  by  the  action  of  fuming 
nitric  acid  on  arsenious  acid.  The  liquid  tetroxide  thus  obtained  is 
pure  enough  for  most  purposes  after  one  distillation.  3.  B^  heating 
thoroughly  dried  lead  nitrate  in  a  retort,  whereby  a  mixture  of 
the  tetroxide  and  oxvgen  is  evolved,  the  former  of  which  may  be 
condensed  as  above,  whue  the  latter  passes  on  : 

(NO5),  Pb  =  PbO  +  0  +  NjO^. 

FOWNKS.— VOL.  I.  L 
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The  first  portions  of  nitrofiMi  tetroxide  thuRnbtmneddo  not  solidify, 
doiibtlesa  owing  to  the  presence  of  a  trace  of  moisture,  Lut  if  toe 
receiver  be  cbauged  in  tbe  midst  of  tbe  operation,  and  if  every  core 
haa  bei^n  taken  to  nvoid  motBture,  the  later  portions  may  be  obtained 
in  the  crystalline  form. 

Nitroj,'en  tetcoride  at  rery  low  tempemturea  forma  tranajiarent, 
colourlead,  priamatdc  crystals  wbicb  melt  at  —9°,  Imt  when  once 
melt«d  do  not  reBolidify  tUl  cooled  down  W  -  3if .  Above  -  9=  it 
forms  a  mobile  liquid  of  apeeific  gravity  1-451,  tbe  appwiranee  of 
which  vnries  greatly  according  to  the  tempetslure.  When  etill 
liquid  lieluw  —0",  itia  almost  wJouiless  j  at  -9°  it  has  a  perceptible 
greenJHb -yellow  tint ;  at  0°  the  colour  is  somen-Lat  moR!  marked ; 
at  10^  it  IB  decidedly  yellow  ;  andat  16°  and  upwards,  orange-yellow, 
the  depth  of  colour  incrtjosine  progressively  with  tbe  ti'mp<*rature 
Dp  to  22°,  the  boiling  point  of  the  Uquii  The  vapour  haa  a  brown- 
red  colour,  the  depth  of  whii'h  also  increases  with  Uit  temperature, 
until  at  itf  it  is  so  dark  as  to  be  almoat  opaque.  This  reuiarkalile 
change  of  colour  ia  accompanied  by  a  great  diminution  of  density  as 
the  temperature  rises,  both  phenomena  poiuting  to  a  molecular 
change  produced  in  tie  vapour  by  heat.  Metiara  Playfair  and 
Waiikljii  iiuve  determined  the  density  of  tlie  viinnnr  by  Diinios' 
method,  aiitig  nitrt^cn  ai'adiluent(ji.  G4),iiiid  hod  tliut  the  densities 
at  different  temperatures  are  as  follows  : — 

or-b"       ....     1-783 

24-6        ....    2-520 

11-3  ....  2-645 
4-2  ...  .  2-588 
Its  vapour  is  absorbed  by  strong  nitric  acid,  which  thereby 
aw[uires  a  yellow  or  red  tint,  passing  iuto  green,  then  into  blue,  and 
afterwards  disappearing  altogether  on  the  addition  of  successive 
portions  of  wal^.  The  deep  red  fuming  acid  of  cnmiuerce,  called 
nitrous  acid,  is  simply  nitric  acid  impregnated  wilh  nitrogen 
tetroxide. 

Nitri^en  tetroiide  is  decomposed  hj  water  at  very  low  tempera- 
tures in  such  a  manner  as  to  yield  nitric  and  nitrous  acids,  N,0,-f 
H,0-HNO,-hHN'0,;  but  when  added  to  excess  of  water  at 
ordinary  temperatures  it  yields  nitric  acid,  and  the  products  of 
decomposition  of  nitrous  acid,  namely,  nitric  acid  and  nitrogen 
dioxide.  In  like  manner,  when  passed  into  alkahne  solutions, 
it  forma  a  nitrate  and  a  nitrite  of  the  alkali-metal ;  but  it 
has  been  also  supposed  to  unite  duectly,  under  cerl-uin  circum- 
stances, with  metallic  oxides — lead  oxide,  for  example — forming 
definite  crystalline  salts,  and  haa  hence  been  called  kt/vonitric  acid; 
but  it  is  most  probable  that  these  salts  are  compounds  of  nitrates 
and  nitritea :  e.g., 

8(PbO.N,0,)  =  Pb(NO.)t  +  Pb  (NOi), 

*  Lad  b  jpoolEntc         Lxd  nllnM.       LawlBlUlM. 
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Nitrogen  appears  to  combine,  under  favourable  circumstances, 
with  metals.  When  iron  is  heated  to  redness  in  an  atmosphere  of 
ammonia,  it  becomes  brittle  and  crystalline,  and  shows  an  increase 
in  weight,  said  to  vary  from  6  to  12  per  cent. ;  while,  according  to 
other  observers,  the  physical  characters  of  the  metal  are  changed 
without  sensible  alteration  of  weight  By  heating  copper  in  ammonia, 
no  compound  of  nitrogen  with  copper  is  produced  ;  but  when 
ammonia  is  passed  over  copper  oxide  heated  to  300°,  water  is  formed, 
and  a  soft  brown  powder  produced,  which,  when  heated  farther, 
evolves  nitrogen,  and  leaves  metallic  copper.  The  same  effect  is 
produced  by  the  contact  of  strong  acids.  A  similar  compound  of 
chromium  with  nitrogen  appears  to  exist. 

NITROGEN  AND  HYDROGEN  ;    AMMONIA,  NHj. 

When  powdered  sal-ammoniac  is  mixed  with  moist  calcium 
hydrate  (slaked  lime),  and  gently  heated  in  a  glass  flask,  a  large 
quantity  of  gaseous  matter  is  disengaged,  which  must  be  collected 
over  mercury,  or  by  displacement,  advantage  being  taken  of  its 
low  specific  gravity. 

Ammonia  gas  thus  o])tained  is  colourless  ;  it  has  a  strong  pun- 
gent odour,  and  possesses  in  an  eminent  degree  those  properties  to 
which  the  term  alkaline  is  a})plied;  that  is  to  say,  it  turns  the 
yellow  colour  of  turmeric  to  brown,  that  of  reddened  litmus  to  blue, 
and  combines  readily  with  acids,  neutralising  them  completely;  by 
these  reactions  it  is  easily  distinguished  from  all  other  bodies 
possessing  the  same  physical  characters.  Under  a  pressure  of  6*6 
atmospheres  at  15*5°,  ammonia  condenses  to  the  liquid  form. 
Water  dissolves  about  700  times  its  volume  of  this  gas,  forming  a 
solution  which  in  a  more  dilute  state  has  long  been  known  under 
the  name  of  liquor  ammonias ;  by  heat  a  great  part  is  again  expelled. 
The  solution  is  decomposed  by  chlorine,  sal-ammoniac  oeing  formed, 
and  nitrogen  set  free. 

Ammonia  has  a  density  of  0*589  ;  a  litre  weighs  0*76271  gram. 
It  cannot  be  formed  by  the  direct  union  of  its  elements,  although 
it  is  sometimes  produced  under  rather  remarkable  circumstances 
by  the  deoxidation  of  nitric  acid.*  The  great  sources  of  ammonia 
are  the  feebly  compounded  azotised  principles  of  the  animal  and 
VM;etable  kingdoms,  \i^hich,  when  left  to  putrefactive  change,  or 
subjected  to  destructive  distillation,  almost  invariably  give  nse  to 
an  abundant  production  of  this  substance. 

The  analysis  of  ammonia  gas  is  easily  effected.  When  a  portion 
is  confined  in  a  graduated  tube  over  mercury,  and  electric  sparks 
are  passed  through  it  for  a  considerable  time,  the  volume  of  the  gas 
graaually  increases  until  it  becomes  doubled.     On  examination 

*  A  mode  of  converting  the  nitrogen  of  the  atmosphere  into  ammonia,  by  a 
succession  of  chemical  operations,  ym\  be  noticed  in  connection  with  Cyanogen 
under  Organic  ChemistiV. 
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the  tube  ia  found  to  contain  a  mixture  of  3  measureB  of  hydrogen 
ras  ttud  1  mensiire  of  nitrogen,  Everr  two  volumes  of  the  miuiiouia, 
uier«fore,  contained  three  volninee  of  hydrogen  and  one  of  nitrogen, 
tbe  whole  being  oondenwd  to  one  half.  The  weight  of  the  two  tc^n- 
Btitueiita  IH  in  the  proportion  of  3  parta  hydrogen  to  14  jwrta 
nitro^n. 

Ammnnia  inny  also  tie  decompaied  int«  its  dements  by  tranamia- 
won  through  a  red-hot  tube. 

Solution  of  ammonia  is  a  very  vidualile  reagent,  and  is  employed 
in  a  great  nnmbei  of  chemical  operations,  for  pome  of  which  it  is 
necessary  to  have  it  perfectly  pure.  The  beat  mode  of  preparation 
is  the  fallowing  : — 

Equal  wa^hta  of  aal-anunoniflc  (NH^Cl),  and  (^nicklime  (CnO), 
are  taken ;  the  lime  is  slaked  in  a  covered  baam,  and  the  salt 
reduced  to  powder.  These  are  mixed  and  introduced  into  a  large 
flunk  connected  with  a  wash-bottle  and  a  receiver  containing  water, 
in  tlie  manner  which  will  be  described  in  connection  with  hydro- 
chloric add  (fig.  117,  p.  190.)  A  little  water  ia  added  to  the 
mixttire,juBtenoagh  todtunpitandcauBe  it  tof^igregate  into  lumps. 
On  uautionaly  applying  heat  to  the  flask,  ammonia  ia  diBeugajred 
very  regidarlv  and  uniformly,  and  condenses  in  the  walcr  <>t  the 
receiver.  Cuicium  chloride  (C'aCl,,),  with  m:iw  of  eulciuiii  livdiale 
(siakcd  lime)  reriiains  in  Ihe  lia^k.' 

The  decomposition  of  the  salt  is  repreeented  by  the  equation  :— 

2NHiCl  +  CaO  =  SNHj  +  CaCI,  +  HjO. 

Solution  of  ammonia  should  be  perfectly  colourlew,  leay?  no 
residue  on  evaporation,  and  when  supersaturnted  by  nitric  acid,  ^ive 
no  cloud  or  muddineas  with  silver  nitrate.  Its  deucity  diniiniiihes 
with  its  strength,  that  of  the  most  concentrated  being  alwut  0'875. 
The  value  in  alkali  of  any  sample  of  Hquor  ammoniw  is  most  safely 
inferred,  not  from  a  knowledge  of  its  density,  but  from  the  i|Uantity 
of  acid  a  given  amount  will  saturate.  The  mode  of  conducting  this 
experiment  will  he  deacribed  under  Alkalimetnj. 

When  solution  of  ammonia  is  mixed  with  acids  of  yarious  kinds, 
ttilta  are  generated,  which  resemble  in  the  most  complete  manner 
tbe  corresponding  potassium  and  sodium  compounds :  they  are  be^t 
discussed  in  connection  with  the  latter.  The  ammonia  'salts  may 
be  regarded  either  as  direct  compounds  of  ammonia,  NH„  with 
acids  (HCl,  for  example),  or  as  resulting  from  the  replacement  of 
the  hydrogen  of  an  acid  by  the  group  NH^,  called  ammonium,  which 
in  this  sense  is  a  compound  metal,  chemically  equivalent  to 
potassium,  sodium,  silver,  &c.    Thus: — 

Ammonia  hydrochloride  NH,.HC1 

nitrat*  NH,.HNO,     -     ......'"- 

„       sulphate    (NH),  H.SO^    =    (NH,),.f 
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The  formulsB  in  the  second  column  are  exactly  analogous  to  those 
of  the  potassium  salts,  KCl,  KNO3,  ^aSO.. 

The  aqueous  solution  of  ammonia  may  te  supposed  to  contain  the 
hydrate  of  ammoniv/m  NH4.HO;  but  this  compound  is  not  known 
in  the  solid  state. 

Any  ammoniacal  salt  can  at  once  be  recognised  by  the  evolution 
of  ammonia  which  takes  place  when  it  is  heated  with  slaked  lime, 
or  solution  of  potash  or  sooa. 


HYDROXYLAMINE,  NH3O. 

This  compound,  intermediate  in  composition  between  ammonia 
NH5,  and  ammonium  hydrate  NH4.HO,  is  formed  by  the  direct 
union  of  hydrogen  with  nitrogen  dioxide  :  NO  +  H3  =  NH3O,  and 
may  be  prepared  by  passing  nitrogen  dioxide  through  a  series  of 
flasks  in  which  hydrogen  is  evolved  by  heating  hydrochloric  acid 
with  tin.  The  resulting  liquid  is  freed  from  tin  by  hydrocen 
sulphide  ;  the  filtered  liquia  evaporated  to  dryness ;  the  residue 
washed  with  cold  alcohol^  and  digested  with  boiling  alcohol ;  the 
alcoholic  solution  mixed  with  platinic  chloride  to  precipitate  sal- 
ammoniac  ;  and  the  filtered  alconolic  liquid  mixed  with  etner,  which 
throws  down  pure  hydrochloride  of  hydroxylamine. 

Hydroxylamine  is  also  formed  by  the  action  of  hydrogen  (evolved 
as  above)  on  nitric  acid  or  ethyl  nitrate : 

NO3H  +  6H  =  2H,0  +  NHs  0. 

Hydroxylamine  is  a  very  volatile  and  easily  decomposible  base,  and 
can  De  obtained  only  in  solution.  Its  salts  are  decomposed  by 
potash,  with  evolution  of  nitrogen  and  formation  of  ammonia, 
quickly  in  concentrated,  gradually  in  dilute  solutions.  Solutions 
of  hydroxylamine  may,  however,  be  obtained  by  decomposing  the 
salts  in  other  ways,  an  alcoholic  solution,  for  example,  by  decom- 
posing the  nitrate  dissolved  in  alcohol  with  alcoholic  potash.  Alka- 
line carbonates  also  separate  hydroxylamine,  with  evolution  of  carbon 
dioxide.  The  solutions  have  an  alkaline  reaction,  and  precipitate 
many  metallic  salts ;  with  the  salts  of  lead,  iron,  nickel,  and  zinc, 
and  with  chrome-alum  and  common  alum,  they  form  precipitates 
insoluble  in  excess  of  hydroxylamine.  With  aqueous  cupnc  sulphate, 
hydroxylamine  forms  a  grass-green  precipitate,  which  when  boiled 
with  water,  is  reduced,  with  evolution  ofgas,  to  cuprous  oxide ;  an 
ammoniacal  cupric  solution  is  decolorised  by  it.  Mercuric  chloride 
is  reduced  to  mercurous  chloride,  and  if  the  hydroxylamine  is  in 
excess,  to  metallic  mercury.  Silver  solutions  yield  a  black  preci- 
pitate, which  is  quickly  reduced,  with  evolution  of  gas,  to  metallic 
silver.  Hydroxylamine  also  reduces  acid  potassium  chromate.  In 
many  of  these  reactions  the  hydroxylamine  appears  to  be  completely 
decomposed,  with  formation  of  nitrogen  or  its  monoxide. 


The  ialts  of  hydroiylamine  decom]>wie  whea  bested,  with  copious 
and  siiUiien  evolution  of  gas ;  must  of  them  etudly  form  super- 
wlurated  nolutioM ;  none  ot  Ihoae  yet  eiHmined  contain  water  o( 
oystalliBfttion.  The  kyiUvdtloridt,  NH,0.HC1,  ciyatalliBes  from 
ftlooliol  in  long  Kjricnlar  cryHtala  iwemliling  urea ;  from  wbIbt  in 
large  irregular  mx-eided  tables;  it  mella  at  100°,  and  then  decom- 
poses, with  violent  evolution  of  gas,  into  nitron,  hydrochloric  add, 
wat^r,  and  sal-ammotiiac.  The  ni(m{*,  NBjO.HSOj,  nolidifies 
bIowIj  by  sjKjntaneous  evaporation  to  a  radiij-i.Ty*lalliiie,  very  deli- 
qtiesceut  luaas,  easily  soluble  in  absolute  alcohol,  decompoaing  at 


A^nniewei^t,  12.     Symbol  C. 

This  auhstance  occurs  in  a  state  of  purity,  and  crvstall  sed  in  tn  o 
distinct  and  very  dissimilar  fomis^namely,  as  d  an  o  I  a  d  as 
.  graphite  or  plumbago.  It  constitutes  a  lar^  pr  port  n  of  all 
organic  Btructures,  animal  and  ve^'table :  when  th  ■^e  latter  are 
exposed  (o  destructive  distillation  in  close  vesstls  a  >.reat  part  of 
their  carbon  remains,  obstinately  retaining  son  e  of  the  hj  Jrof,en 
and  oxygen,  and  associated  nith  the  earthy  and  olkaliue  matter  f 
the  tissue,  giving  rise  to  the  many  varieties  of  charcoal  coke  & 
This  residue,  when  perfectly  separated  from  fore  gn  matter  const 
tutes  a  third  variety  of  earlwn. 

The  diamond  is  one  of  the  most  remarkable  substances  kfiown  r 
long  prized  on  account  of  its  brilliancy  as  an  omamenlal  gem,  the 
discovery  of  its  cniious  chemical  nature  confers  upon  it  a  high  degree 
of  scientific  interest  Several  localities  in  India,  the  Island  of 
Borneo,  Soutlt  Africa,  and  Brazil,  furnish  this  beautiful  sutistance. 
It  is  always  distinctly  crystallised,  often  quite  transparent  and 
colonrless,  but  now  and  then  haviiiu  a  shade  of  yellow,  pink,  or 
blue.  The  origin  or  Ime  gcoUigic^  position  of  the  diamond  are 
unknown;  it  is  always  found  imbedded  in  gravel  and  transported 
materials  whose  history  cannot  be  traced.  The  crystalline  form  of 
the  diamond  is  that  ot  the  regular  octohedron  or  cube,  or  some 
figure  geometrically  connected  with  these.  Many  of  the  octohedral 
crystals  exhibit  a  very  peculiar  appearance,  arising  from  the  faces 
bung  curved  or  rounded,  which  gives  to  the  crystal  an  almost 
spherical  figure. 

The  diamond  is  infusible  and  unalterable  even  by  a  very  intense 
heat,  provided  air  be  excluded ;  but  when  healed,  thus  protected, 
between  the  poles  of  a  stiong  galvanic  battery,  it  is  converted  into 
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coke  or  ^phite ;  heated  to  whiteness  in  a  vessel  of  oxygen,  it  burns 
with  fiEtcility,  yidding  carbonic  acid  gas. 


Fig.  108. 


The  diamond  is  the  hardest  substance  known  :  it  admits  of  being 
split  or  cloven  without  difficulty  in  particular  directions,  but  can 
only  be  cut  or  abraded  by  a  second  portion  of  the  same  material ; 
the  powder  rubbed  oflf  in  this  process  serves  for  polishing  the  new 
faces,  and  is  also  highl v  useful  to  the  lapidary  and  seal-engraver.  One 
very  curious  and  useml  application  oi  the  diamond  is  made  by  the 
glazier:  &  fragment  of  this  mineral,  like  a  bit  of  flint,  or  any  other 
hard  substance,  scratches  the  surface  of  the  glass  ;  a  crystal  of 
diamond,  having  the  rounded  octohedral  figure  spoken  of,  held  in 
one  particular  j^osition  on  the  glass — namely,  with  an  edge  formed 
by  the  meeting  of  two  adjacent  faces  presented  to  the  surface — and^ 
then  drawn  along  with  gentle  pressure,  causes  a  split  or  cut,  which 
penetrates  to  a  considerable  depth  into  the  glass,  and  determines  its 
mcture  with  perfect  certainty. 

Graphite  or  plumbago  appears  to  consist  essentially  of  pure  carbon, 
although  most  specimens  contain  iron,  the  quantity  of  which  varies 
from  a  mere  trace  up  to  five  per  cent.  Graphite  is  a  somewhat  rare 
mineral ;  the  finest  and  most  valuable  for  pencils  was  formally 
obtained  from  Borrowdale,  in  Cumberland,  where  a  kind  of  irreguhi 
vein  is  found  traversing  the  ancient  slate  beds  of  that  district,  but 
the  mine  is  now  nearly  exhausted.  Large  quantities  of  graphite  are 
imported  from  Germany,  the  East  Indies,  and  the  United  States.* 
Crystals  are  not  common :  when  they  occur,  they  have  the  figure  of 


*  The  graphite  which  can  be  directly  cut  for  pencils  occaniiig  only  in 
limited  quantity,  powdered  graphite,  obtained  from  the  inferior  varieties  of 
the  mineral,  is  now  frequently  consolidated  for  this  purpose.  The  mechanical 
division  of  graphite  presents  considerable  difficulties,  which  may  be  entirely 
obviated  by  adopting  a  chemical  process  suggested  by  Sir  fienjamin  Brodie, 
applicable,  however,  only  to  certam  varieties,  such  as  Ceylon  and  Siberian 
graphite.  This  process  consists  in  introducing  the  coarsely  powdered  graphite, 
previously  mixed  with  ^  of  its  weight  of  potassium  chlorate,  into  zpui^  of 
concentrated  sulphuric  acid,  which  is  heated  in  a  water-bath  until  the  evolu- 
tion of  acid  fumes  ceases.  The  acid  is  then  removed  by  water,  and  the 
graphite  dried.  Thus  prepared,  this  substance,  when  heated  to  a  tempera- 
ture approaching  a  red-heat,  swells  up  to  a  bulky  mass  of  finely  divided 
graphite. 


n  short  six-Bided  prism — r  form  beanng  no  geometric  reladoii  to 
Ihul  of  tlie  ciiamond. 

Orapliitt  is  often  formtd  itrtificiaUy  in  certain  metallurgic  opcpa- 
tioDS  :  the  brilliant  scales  which  aometimes  separate  from  melted 
east-iri>n  on  cooling,  called  by  the  workmen  "kish,"  consist  of 
gi«[)liite. 

Lamp-black,  the  soot  product  by  tlie  imperfect  combustion  of 
oil  or  resin,  is  the  best  example  that  can  be  given  of  carbon  in  il« 
uncryatoUiaed  or  anior^oii*  state.  To  the  same  claaa  l>elong  the 
different  kinda  of  charcoaL  That  prepared  from  wood,  either  by 
diatillation  iu  a  large  iron  retort,  or  by  the  smothered  combustion 
of  a  pill',  of  fafajots  partially  covered  with  tarth,  ia  the  most  valu- 
able OS  fuel.  Coke,  the  charcoal  of  pit-coal,  ie  much  more  impure  ; 
it  contains  a  large  quantity  of  earthy  matter,  and  very  often  sulphur, 
the  quality  depending  very  much  upon  the  mode  of  prepnralion. 
Cbarc(«d  from  bones  and  animal  matlcTB  in  general  is  a  very  valu- 
able Hubdtance,  on  accoant  of  the  eKtiai>rdinaty  power  it  posseasee 
of  removing  iMDlouriug  matters  from  organic  solutions ;  it  is  used  for 
this  purpose  by  the  augar-refiner  to  a  very  great  ejlent,  and  also  by 
the  mauufaetnring  and  scientific  chemist.  The  property  in  question 
is  pijtv'esscd  bv  all  kinds  of  charcoal  in  a  small  degree. 

IJh!ir<'iNil  made  Imni  bos,  or  other  denne  i 

of  condensing  gases  and  vapours  into  its  por^,  ,  _.  _ „_ 

it  ia  said  to  aosorb  not  leas  than  ninety  times  its  volume,  while  of 
nydrogen  it  takes  up  less  than  twice  its  own  bulk,  the  quantity  being 
apparently  connected  with  the  propert^r  in  the  ga»  of  suffering 
hquefaction.  This  property  of  abaorbing  gases,  as  well  as  the 
decolorising  power,  no  doubt  depends  in  some  way  tipon  the  same 
pectdiar  action  of  surface  so  remarkable  in  the  case  of  platinum  in 
a  mixture  of  oxygen  and  hydrogen.  The  absorbing  power  is,  indeed, 
considerably  increaeed  by  saturating  charcoal  with  solution  of 
platinum,  and  subsequently  igniting  it,  so  as  to  coat  (be  charcoal 
with  a  thin  film  of  platinum.  Dr.  Stenhouse,  who  sugi-ctted  this 
plan,  finds  that  the  gases  thus  absorbed  undergo  a  kind  of  oxida- 
tion within  the  pores  of  the  charcoaL 

Compoufidi  of  Carbon  and  Oxygen. 

There  are  two  direct  inorganic  compounds  of  carbon  and  oxygen, 

called  carbon  monoxide  and  carbon  dioxide ;  their  composition  may 


Carbon  Diozids  or  Onrltonia  Anhydride — (commonly  colled 
CaTbonit  Acid),  is  always  produced  when  charcoal  bums  in  air 
or  oxygen    gaa :  it  is  most  conveniently  obtained,  however,  by 


decompoeing  a  earboiute  vrith  one  of  the  Btronger  acids.  For 
itUB  purpose  the  appartttuB  for  generatiiig  hydrogta  (p.  1S9),  mav 
again  beemployed;  fragments  of  marble  are  put  intu  the  bottle  with 
onough  irater  to  cover  the  extremity  of  the  funnel-tube,  and 
hydrochloric  or  nitric  acid  is  added  bv  the  latter,  until  the  eae  is 
freely  disengaged.  Chalk-powder  ana  dilute  sulphuric  acid  may 
be  used  instead-  The  gas  may  be  collected  over  water,  althoiu^ 
with  some  loss ;  or  very  convenienthf  by  displacement,  if  it  be 
required  dry,  as  shown  in  fig.  106.  The  long  drying-tube  is  fiUed 
with  fragments  of  calcium  chloride,  and  the  heavy  gas  is  condnct«d 
to  the  bottom  of  the  vessel  in  which  it  is  to  be  received,  the  mouth 
of  the  latter  being  lightly  closed.* 


Carbon  dioude  is  a  colonrlesa  gafi ;  it  has  an  agreeable  pungent 
taste  and  odonr,  but  cannot  be  respii^d  for  a  minnte  without  insen- 
dbihty  following.  Its  specific  gravity  is  1*624  ;  a  liter  weighs 
1*96664  grams,  and  100  cubic  inches  weigh  47*26  grains. 

This  gos  is  very  hurtful  to  animal  life,  even  when  largely  dilated 
with  air;  it  acts  as  a  narcotic  poison:  hence  the  danger  arising 
&om  imperfect  ventilation,  the  use  of  fire-places  and  stoves  of  all 
kinds  unprovided  with  proper  chimneys,  ana  the  crowding  together 
of  many  individuals  in  houses  and  ships  without  efficient  means 
for  renewing  the  air:  for  carbon  dioiideiB  conntantly  disengaged 
during  the  process  of  respiration,  which,  as  already  mentioned 
(p.  1£1),  is  nothing  but  a  process  of  slow  combustion.  This  gas  ia 
sometimes  emitted  in  large  quantity  from  the  earth  in  volcanic 
district*,  and  it  ia  constantly  generated  where  organic  matter  is 
in  the  act  of  undergoing  fermentive  decomposition.  The  fatal 
«afteT-damp''of  the  coal-mines  contains  a  large  proportion  of  carbon 
dioxide. 


ttt  •err  •errli;eable.  Olua  tubes  are  eully  bant  En  the  flame  or  s  Bpirit-lamp, 
or  ■  Bnoaen  bnmer,  ind,  wbcn  necenuy,  cut  by  sciatching  with  a  file  and 
brokoi  amndar. 
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A  lighted  taper  plnnged  into  carbon  dioxide  is  inntantly  estin- 
guifilied  even  1o  the  red-hot  snuiT.  The  ebb,  when,  diluted  with 
three  timM  its  volume  of  lur,  etill  retains  l^e  power  of  extin^isli- 
iiig  H  lisht  It  ia  eaaily  diatingtiiahed  from  nitrogen,  which  is  ako 
IncApaLle  of  supporting  combuHtJon,  by  its  rapid  absorption  bycauatiu 
slkAli,  c>r  bj  hme-water  ;  the  turbidity  conimunicut«d  to  the  latt«r 
from  the  pioduetiou  of  insoluble  coldmn  carbonate  lis  very  charac- 
teristic. 

Cold  water  di^iolves  about  its  own  volume  of  carbon  dioxide, 
■whatever  be  the  density  of  the  gas  with  wliich  it  is  in  contact 
(c4)mp.  p.  1-lS);  the  solution  tempomrily  reddens  litmus  {laper.  In 
vominon  soda-water,  and  in  effervescent  wines,  exatuplea  may 
be  seen  of  the  solubility  of  the  gas.  Even  boilijig  water  absorbs 
»  perceptible  quantity. 

Some  of  the  interesting  phenomena  attending  the  liquefaction  of 
carbon  dioidde  have  been  already  described  (p.  49) ;  it  reijuires  for  the 
purpose  a  jiressure  of  3S'5  atmospheres  at  ff'.  The  liquefied  oxide 
IS  uulonrlesB  and  linipiil,  ligbt«r  than  water,  and  four  times  more 
cxfNinsible  than  air ;  it  mixes  in  all  proportions  wdtb  ether,  akohol, 
naphtha,  oU  of  turpentine,  and  carbon  disulphtde,  and  is  insoluble 
in  water  and  (at  aiU.  In  iJtis  condition  it  dues  not  eiliibit  any  of 
the  propercf  es  of  an  acid. 

Carbon  dioxide  exists,  as  already  mentioned,  in  the  air:  rela- 
tively its  quantity  is  but  small ;  but  absolutely,  taking  into  account 
the  vast  extent  of  the  atmosphere,  it  is  very  great,  and  fully  ade- 
quate to  the  purpose  of  supplying  plants  with  their  carbon,  these 
latter  having  the  power,  by  tne  aid  of  tlieir  green  leaves,  <if  clecom- 
posing  caF))on  dioxide,  retaining  the  carbon,  and  expelling  the 
oxygen.  The  presence  of  light  is  essential  U>  this  effect,  but  of  the 
manner  in  which  it  is  produced  we  are  yet  ignorant 

The  carbonates  forma  very  lai^  and  important  group  of  salts, 
some  of  wbich,  as  the  cai'bonat«s  of  calcium  and  magnesium,  occur  very 
abundantly  in  nature.  They  contain  the  elements  of  carbon  dioxide 
and  a  metallic  oxide  :  calcium  carbonate,  for  example,  lieing  com- 
posed of  66  parts  of  calcium  oxide  or  liine,  anil  44  parts  by  weight  of 
carbon  dioxide,  or  of  40  calcium,  12  carbon,  and  48  oxygen,  a  com- 
position which  is  represented  by  the  formula  CaO.COj  or  CaCOj  ; 
but  they  are  never  formed  by  the  direct  union  of  dry  carbon 
dioxide  with  a  dry  metallic  oxide,  the  intervention  of  water  being 
always  required  to  bring  about  the  combination.  Potassium  car- 
bonate (peorlash)  is  the  chief  constituent  of  woiid-ashea  ;  sodium 
carbonate  is  contained  in  the  ashes  of  marine  plants,  and  is  manu- 
factured on  a  very  large  scale  by  heating  sodium  sulphate  with  lime 
and  coal.  These  carbonates  are  soluble  in  water.  The  other 
metallic  carbonates,  which  are  insoluble,  may  be  formed  by  mixing 
a  solution  of  potassium  or  sodium  carbonate  with  a  soluble  metallic 
ealt ;  thus,  woen  solutions  of  lead  nitrate  and  sodium  carbonate  are 
mixed  togetber,  the  lead  and  sodium  change  places,  fomiing  sodium 
nitrate,  which  remains  dissolved,  and  lead  carbonate,  which,  being 
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insoluble  in  water,  is  precipitated  in  the  form  of  a  white  powder : 
PL(N03),+Na8C03=  2NaN03+PbCOs. 

This  is  an  example  of  double  decomposition,  the  most  frequent  of 
all  forms  of  chemical  action. 

The  solution  of  carbon  dioxide  in  water  may  be  supposed  to 
contain  hydrogen  carbonate  or  carbonic  acid,  consisting  of 
2  parts  by  weight  of  hydrogen,  12  carbon,  and  48  oxygen,  and  repre- 
sented by  the  formula  H^COj  or  H2O.CO2 ;  but  this  compound  is  not 
known  in  the  separate  state,  only  in  aqueous  solution. 

Oarbon  Monoxide  (commonly  called  Carbonic  Oxide.) — ^When 
carbon  dioxide  is  passed  over  red-hot  charcoal  or  metallic  iron,  one 
half  of  its  oxygen  is  removed,  and  it  becomes  converted  into  car- 
bon monoxide.  A  very  good  method  of  preparing  this  gas  is 
to  introduce  into  a  flask  fitted  with  a  bent  tube  some  crystsdlised 
oxalic  acid  (H,C,OA  and  pour  upon  it  five  or  six  times  as  much 
strong  oil  of  vitrioL  On  heating  the  mixture,  the  oxalic  acid  is 
resolved  into  water,  carbon  dioxide,  and  carbon  monoxide.  HjCjOi 
ssCO  +  COj-l-HjO  :  and  by  passing  the  gases  through  a  strong  solu- 
tion of  caustic  potash,  the  first  is  withdrawn  by  absorption,  while 
the  second  remains  unchanged.  Another  and,  it  may  be,  preferable 
method,  Ib  to  heat  finely  powdered  yellow  potassium  ferrocyanide 
with  eight  or  ten  times  its  weight  of  concentrated  sulphuric  acid. 
The  salt  is  entirely  decompose^  yielding  a  most  copious  supply  of 
perfectly  pure  carbon  monoxide,  which  may  be  collected  over  water 
in  the  usual  manner.  The  reaction  is  represented  by  the  equa- 
tion— 

K^FeC.Ng  +  6H,0  +  6H-SO4     =     6C0  +    2K,S04     + 

Potaasiuin  ferro-  SnJpharic  PotMsiam 

cyAoide.  add.  sulpbatt. 

3(NH4)-S04     -H     FeSO^ 

Amroonmm  Ferrous 

sulphate  sulphate. 

Carbon  monoxide  is  a  combustible  gas,  which  bums  with  a  beautiful 
pale-blue  flame,  generating  carbon  dioxide.  It  has  never  been 
liquefied.  It  is  colourless,  nas  very  little  odour,  and  is  extremelv  , 
poisonous — much  more  so  than  carbon  dioxide.  Mixed  with 
oxygen,  it  explodes  by  the  electric  spark,  but  with  some  difficulty. 
Its  specific  gravity  is  0*973 ;  a  liter  weighs  1*2616  grams;  100  cubic 
inches  weign  30*21  grains. 

The  relation  by  volume  of  these  oxides  of  carbon  is  as  follows  : — 
Carbon  dioxide  contains  its  own  volume  of  oxygen,  that  gas  suffer- 
ing no  change  of  bulk  by  its  conversion.  One  measure  of  carbon 
monoxide,  mixed  with  half  a  measure  of  oxygen  and  exploded, 
yields  one  measure  of  carbon  dioxide :  hence  carbon  monoxide 
contains  half  its  volume  of  oxygen. 

Carbon  monoiide  unites  with  chlorine  under  the  influence  of 
light,  forming  a  pungent,  suffocating  compound,  possessing  acid  pro- 
perties, called  pnosgene  gas,  or  carbonyl  chloride,  GOGL^   LV 
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is  nukle  by  miiin);  eqnd  Tolomee  of  carbon  uonoiiJe  and  chlorine 
both  jirt-fecdy  dry,  and  eipoaing  the  iniituw  to  sUliisbilie  :  the 
gaeea  uniie  qiiielly,  the  colour  diMppeaw,  and  the  volume  beeiimeB 
reducLil  to  onL-lmlf.  A  more  coaveuient  method  of  prejmring 
this  t;i'»  consists  in  passing  earimn  monoxide  through  antiraonj- 
pent4ihloride.  It  must  be  received  over  mercury,  as  it  is  decom- 
posed by  wat«r.  When  pure  it  condense*  to  a  liquid  at  0°;  or  more 
quickly  ut  the  temperature  of  a  mixture  of  ice  and  salt. 

Cofn^fHntndt  of  Cation  and  Bydrogen. 
The  compounds  of  carbon  and  hydrogen  alreadv  known  are 
exceedingly  numeroufl  :  perhaps  all,  in  strictjiws,  belong  to  the 
domain  ol  or^nic  chenuetcy,  oa  they  cannot,  eiecpt  in  verr  few 
cases,  be  forrndd  by  the  direct  union  of  their  element**,  but  dwayB 
arise  from  the  defomposition  of  a  complex  body  of  organic  oripn. 
It  will  be  found  convenient,  notwithslaniling,  to  de»cril>e  three  of 
them  in  thin  part  t.f  the  volume,  as  they  very  well  illustrate  the 
important  subjects  of  combustion  and  the  nature  of  flame. 

Hettiane  or  MHrth  Oaa;  lAgkt  Carburetted  Hydrogen ;  Firt- 
damp,  CHj. — Tliis  gas  ia  but  too  often  found  to  be  abundantly  dis- 
engaged in  coal  mines  from  the  freah-cut  surface  of  the  coal,  and 
from  remarkable  apertures  or  "  blowers,"  wliich  emit  for  a  great 
length  of  time  a  copious  stream  or  jet  of  gas,  probably  existing  in  a 
state  of  compression,  pent  up  in  the  coal. 

When  the  mud  at  the  bottom  of  pools  in  which  water-planla 
grow  is  stirre<l,  bubbles  of  ^^  escape,  which  may  be  eauily  col- 
lected. This,  on  examination,  is  found  to  be  chiefly  a  mixture  of  lit;ht 
carburetted  hydrogen  and  carbon  dioxide:  the  latter  is  easily  absorbed 
by  lime  water  or  caustic  potash. 

For  a  long  time,  no  method  was  known  by  which  methane 
could  be  produced  in  a  stale  approaching  to  purity  by  artificial 
means ;  the  various  illuminating  gases  from  pil-coal  and  oil,  and 
that  obtained  by  passing  the  vapour  of  alcohol  through  a  red-hot 
tube,  contain  laive  quantities  of  it,  associated,  however,  with  other 
substances  which  hanlly  admit  of  separation ;  but  Dumas  has 
discovered  a  method  by  which  it  can  oe  produced  perfectly  pure, 
and  in  any  quantity. 

made  of  40  parts  crystallised  sodium  acetate,  40 


represented  by  the  equation — 

NaCjH,0,  +  NaHO  -  CH.  +  Na,CO, 

■eatalo.  liTdniiUa.  pa.  urbwui*. 
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The  use  of  the  lime  is  merely  to  prevent  the  soda  from  fusing 
and  attacking  the  glass. 

Methane  is  a  colourless  and  nearly  inodorous  gas,  which  does 
not  affect  vegetable  colours.  It  bums  with  a  yellow  flame,  gene- 
rating carbon  dioxide  and  water.  It  is  not  poisonous,  and  may  be 
respired  to  a  great  extent  without  apparent  injury.  The  density 
of  tnis  compound  is  about  0'559,  a  liter  weighing  0*71558  grams, 
and  100  cubic  inches  weighing  17*41  grains  ;  it  contains  carbon 
and  hydrogen  associated  in  the  proportion  of  12  parts  by  weight 
of  the  former  to  4  of  the  latter. 

When  100  measures  of  this  gas  are  mixed  with  200  of  pure 
oxygen  in  the  eudiometer,  and  tne  mixture  exploded  by  the  elec- 
tric spark,  100  measures  of  gas  remain,  which  are  entirely  absorb- 
able by  a  little  solution  of  caustic  potash.  Now,  carbon  dioxide 
contains  its  own  volume  of  oxygen :  hence  one-haK  the  oxygen 
added — ^that  is,  100  measures — ^must  have  been  consumed  in  unit- 
ing with  the  hydrogen.  Consequently,  the  gas  must  contain  twice 
its  own  measure  of  hydrogen,  and  enough  carbon  to  produce,  when 
completely  burned,  an  equal  quantity  oi  carbon  dioxide. 

"When  chlorine  is  mixed  with  marsh  gas  over  water,  no  change 
follows,  provided  light  be  excluded.  Tne  presence  of  light,  how- 
ever, brings  about  decomposition,  hydrochloric  acid,  carbon  dioxide, 
and  other  products,  being  formed,  it  is  important  to  remember  that 
this  gas  is  not  acted  upon  by  chlorine  in  the  dark. 

Ethene,  or  Olefiant  Ghas,  C^H^. — Strong  spirit  of  wine  is  mixed 
with  five  or  six  times  its  weight  of  oil  of  vitriol  in  a  glass  flask, 
the  tube  of  which  passes  into  a  wash-bottle  containing  caustic 
potash.  A  second  wash-bottle,  partly  filled  with  oil  oi  vitriol, 
IS  connected  with  the  first,  and  furnished  with  a  tube  dipping 
into  the  water  of  the  pneumatic  trough.  On  the  first  applica- 
tion of  heat  to  the  contents  of  the  flask,  alcohol,  and  afterwards 
ether,  make  their  appearance ;  but,  as  the  temperature  rises,  and 
the  mixture  blackens,  the  ether-vapour  diminishes  in  quantity, 
and  its  place  becomes  in  great  part  supplied  by  a  permanent  inflam- 
mable gas ;  carbon  dioxide  and  sulphurous  oxide  are  also  generated 
at  the  same  time,  besides  traces  of^  other  products.  The  two  last- 
mentioned  gases  are  absorbed  by  the  alkali  in  the  first  bottle,  and 
the  ether-vapour  by  the  acid  in  the  second,  so  that  the  olefiant  gas 
is  delivered  tolerably  pure.  The  entire  reaction  is  too  complex  to  be 
discussed  at  the  present  moment ;  it  will  be  found  fully  described 
in  the  second  volume  ;  but  the  ethene  may  be  regarded  as  result- 
ing from  a  simple  dehydration  of  the  alcohol  by  the  oil  of 
vitriol. 

C,H«0      =      C,H4      -H      HgO 

Alcohol.  Ethene.  Water. 

Olefiant  gas  thus  produced  is  colourless,  neutral,  and  but  slightly 
soluble  in  water.  Alcohol,  ether,  oil  of  turpentine,  and  even  olive 
oil,  dissolve  it  to  a  considerable  extent.     It  has  a  faint  odour  of 
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and  tired,  explodes  witt  extreme  yjolence.  its  density  is  UtWi  ; 
n    liter    weighs    1 '26194  gnmwi    100   cubic  inches  weigh  30*67 

By  the  use  of  the  eudiometer,  as  alicadj  described,  it  has  been 
found  that  each  meastue  ctf  ethene  requires  for  oomplete  combnation 
exactly  three  of  oxygen,  and  produces  under  these  circnmstancea 
two  meaaiireB  of  carbon  ^ozide  :  whence  it  is  evident  that  it  contMU 
tu-ice  ItK  own  volume  of  hydrogen  ctnubined  with  twice  as  much 
carbon  as  in  methane. 

By  weight,  these  proportions  ue  24  parte  carbon  and  i  parte 
hydrogen. 

'Ethene  is  decomposed  by  ptasing  it  throngh  a  tube  heated  to 
briglit  redness ;  a  deposit  of  eharcottl  and  tar  tales  place,  and  the 
gan  becomce  converted  into  manh-gu,  or  even  into  me  hydrogen, 
ir  the  temperature  be  vei^  high.  This  lattec  change  is,  of  comas, 
atteniled  by  increase  of  volume. 

Chlorine  acts  upon  ethene  in  a  very  remarkable  matter.  When 
the  two  bodies  are  mixed,  even  in  the  dark,  they  combine  in  equal' 
measures,  and  give  rii*  to  a  heavy  oily  liquid,  of  sweel.ish  tiistc  and 
ethereal  o<lour,  to  which  tiie  name  of  ethene  cldoHile,  or  Dutch 
liquid,  CjHjClj,  b  given.  It  is  from  thia  peculiarity  th.it  the  term 
olefiant  gas  is  derived. 

On  mudna  in  a  tall  jar  two  measure*  of  chlorine  aud  one  of  t-tlic-ne, 
and  then  quickly  applying  a  light  to  the  mouth  of  the  veKwl,  the 
chlorine  and  hydroaeu  unite  with  flauie,  which  pansfs  quickly  down 
the  jar,  while  the  whole  of  the  carbon  is  set  free  in  th«  form  of  a 
thitt  black  smoke. 

Ethine  or  Acetylene,  C^H^ — Thin  hydro-carbon  in  fomicd  by 
the  direct  union  of  ita  elementa.  Hydrogen  and  cai'bon  do  not 
combine  at  ordinary  temperatures,  or  even  under  ihe  influence 
of  the  most  intense  heat ;  but  when  an  electric  arc  from  a  very 
powerful  voltaic  battery  is  passed  between  carbon  poles  in  a  current 
of  hydrogen,  the  carbon  and  hydrc^'en  unite  to  form  acetylene. 
This  comjiound  is  carried  forward  by  the  stream  of  liydrogeu,  and 
on  passing  the  mixed  gases  into  a  solution  of  cuprous  chloride,  the 
acetylene  is  itepanited  in  the  form  of  a  red  solid  copper  com- 
pound, which,  when  decomposed  by  hydrochloric  acid,  yields  pure 
acetylene. 

Acetylene  is  a  colourless  gas  of  specific  gravity  093.  It  bums  in 
the  air  with  a  bright  smoky  flame,  and  when  mixed  with  cldnrine, 
detonates  alpiost  mstantly,  even  in  diffused  daylight,  with  separation 
of  carbon. 

Acetylene  is  one  of  the  constituents  of  coal-gas,  and  is  produced 
in  the  imperfect  combustion  of  various  bodies  containing  carbon 
and  hydrogen.    The  modes  of  formation,  reactions,  and  derivatives 
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of   this    compound    will    be    further  considered    under   Organic 
Chemifitry. 

Ck>cd  and  Oil  Ghases. — The  manufacture  of  coal  gas  is  a  branch 
of  industry  of  great  interest  and  importance  in  several  points  of 
view.  The  process  is  one  of  great  simplicity  of  principle,  but  re- 
quires, in  practice,  some  delicacy  in  management  to  yield  a  good 
result. 

When  pit-coal  is  subjected  to  destructive  distillation,  a  variety  of 
products  show  themselves — j)ermanent  gases,  steam  and  volatile 
oils,  besides  a  not  inconsiderable  quantity  of  ammonia  from  the 
nitrogen  always  present  in  the  coal.  These  substances  vary  very 
much  in  their  proportions  with  the  temperature  at  which  the  pro- 
cess is  conducted,  the  permanent  gases  becoming  more  abundant 
with  increased  heat,  but,  at  the  same  time,  losing  much  of  their 
value  for  the  purposes  of  illumination. 

The  coal  is  distilled  in  cast-iron  retorts,  maintained  at  a  bright- 
red  heat,  and  the  volatilised  product  is  conducted  into  a  long 
horizontal  pipe  of  large  dimensions,  always  half  filled  with  liquid, 
into  which  the  extremity  of  each  separate  tube  dips :  this  is  called 
the  hydraulic  mtiin.  The  gas  and  its  accompanying  vapours  are 
next  made  to  traverse  a  refrigerator — usually  a  series  of  iron  pipes, 
cooled  on  the  outside  by  a  stream  of  water  ;  here  the  condensatiou 
of  the  tar  and  the  ammoniacal  liquid  becomes  complete,  and  the 
gas  proceeds  onwards  to  another  part  of  the  apparatus,  in  which  it 
18  deprived  of  the  sulphuretted  hydrogen  and  carbonic  acid  always 
present  in  the  crude  product.  This  separation  was  formerly  effected 
by  slaked  lime,  whicn  readily  absorbs  the  compounds  in  question. 
The  use  oi  lime,  however,  has  been  almost  superseded  by  that  of 
a  mixture  of  sawdust  and  iron  oxide.  This  mixture,  after  having 
been  used,  is  exposed  for  some  time  to  the  atmosphere,  and  is 
then  fit  for  use  a  second  time.  The  purifiers  are  large  iron  vessels 
filled  either  with  slaked  lime  or  with  the  iron  oxide  mixture.  The 
gas  is  admitted  at  the  bottom  of  the  vessel,  and  made  to  pass  over 
a  large  surface  of  the  purifying  agents.  The  last  part  of  the 
operation,  which,  indeed,  is  often  omitted,  consists  m  passing 
the  gas  through  dilute  sulphuric  acid,  in  order  to  remove  am- 
monia. The  quantity  thus  separated  is  very  small,  relatively,  to 
the  bulk  of  the  gas,  but,  in  an  extensive  work,  becomes  an  object 
of  importance. 

Coal-gas  thus  manufactured  and  purified  is  preserved  for  use  in 
immense  cylindrical  receivers,  closed  at  the  top,  suspended  in  tanks 
of  water  by  chains  to  which  counterpoises  are  attached,  so  that  the 
gas-holders  rise  and  sink  in  the  liqmd  as  they  become  filled  from 
the  purifiers  or  emptied  bv  the  mains.  These  latter  are  made  of 
large  diameter,  to  diminish  as  much  as  possible  the  resistance 
experienced  by  the  gas  in  passing  through  such  a  length  of  pipe. 
The  joints  of  these  mains  are  still  made  m  so  imperfect  a  manner 
thnt  immense  loss  is  experienced  by  leakage  wnen  jbhe  pressure 
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upon  the  gas  exceeds  that  exerted  by  a  column  of  wal«r  an  indi 

Coal  gas  vnric9  verv  much  in  compoBilion,  judging  from  its 
variable  density  and  illnminstiiig  powern.  and  from  the  analyses 
which  h;ive  betii  made.  The  difficultiea  of  suuh  inveatigations  are 
very  greut,  anri  unlesB  particular  precaution  be  taken,  the  reaulte 
--e  merely  approxiinatc.    The  purified  ga*  is  believed  lo  conUin 


Methane,  oi  Marah  gsa. 

Ethene,  or  Olefiant  gaa, 

Ethine,  or  Aee^lene. 

Hydrogen. 

Carbon  Monoxide. 

Nitrogen. 

Yaponrs  of  volatile  liquid  'HydxoeaAimB.f 

Vapoor  of  Carbon  Binilphide. 

Separated  by  0(mdeiuaiio»  and  by  the  Pvrifien. 
Tar  and  Volatile  Oils. 

Anunonium  Sulphate,  Chloride,  and  Sulphide. 
Hydrogen  Sulphide, 
Carbon  Dioxide. 

Hydrocyanic  acid,  or  Ammonium  Cyanide. 
Siilphucyanic  acid,  or  Ammonium  Suljibocyanate. 

A  far  better  illuminating  gas  may  be  prepared  from  oil,  by 
dropping  it  into  a  red-hot  iron  retort  filled  with  coke  ;  the  liquiil 
is  in  great  part  decomposed  and  converted  into  permanent  gas, 
which  requires  no  purification,  as  it  ia  quite  free  from  theammonia- 
cal  and  sulphur  compounds  which  vitiate  goa  from  coal.  Many 
yeais  ago  this  gaa  was  prepared  in  London  ;  it  was  compressed, 
for  the  use  of  the  consumer,  into  strong  iron  vesnels,  to  the  extent 


^ i,  for  lighting  Loniton  anil  the  auhurba  alone, 

there  were  eLghteenlpnblic  gM-worka,  and  £2,800.000  invested  in  pipes  and 
apparatiie.  The  vearljr  revenue  amonnted  to  £160,000,  and  the  conaiimp- 
H^on'of  coal  Id  the  same  period  to  180,000  tons,  1460  mitftoiw  of  cubic  fwt  of 
gM  beioj-  made  in  tbe  year.  There  were  131,300  privnte  lighU,  anil  30,100 
street  limps.  8B0  tona  of  mala  were  used  in  the  retorts  in  the  apace  of 
twenty-four  hours  at  mlil-wintor,  and  7,120,000  cubic  feet  of  giu  comiuaed 
in  the  longest  night. — Cre,  Diciivnaru  of  Art)  and  Manu/actirra. 

Since  that  time,  the  production  of  gas  ha«  been  enormoualy  increased. 
Theunount  of  coal  need  in  London  for  gaa-maliingin  the  year  ending  June 
185S  la  estimated  at  408,000  tona,  which  on  aa  ^average  would  yieltf  about 
4000nHUwiu  if  cubic  r«et  of  gaa.  In  the  rear  1857  the  mains  in  the  London 
ftraats  had  reached  the  eitraordinary  length  of  2000  miles. 

+  Thaie  bodln  hicnaie  the  illumlnatiiig  power,  and  confer  on  the  gas  i(a 
jwallarodonr. 
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of  30  atmosplieres ;  these  were  furnished  with  a  screw-valve  of 
peculiar  construction,  and  exchanged  for  others  when  exhausted. 
The  comparative  high  price  of  the  material,  and  other  circumstances, 
led  to  the  abandonment  of  the  undertaking.  On  the  Continent 
gas  is  now  extensively  prepared  from  wood, 

ComJbiutionf  and  the  Structure  ofFlanie, 

When  any  solid  substance  capable  of  bearing  the  fire  is  heated 
to  a  certain  point,  it  emits  light,  the  character  of  which  depends 
upon  the  temperature.  Thus,  a  bar  of  platinum  or  a  piece  of  porce- 
lain, raised  to  a  particular  temperature,  becomes  what  is  called 
red-hot,  or  emissive  of  red  light :  at  a  higher  degree  of  heat,  this 
light  becomes  whiter  and  more  intense,  and  when  urged  to  the 
utmost,  as  in  the  case  of  a  piece  of  lime  placed  in  the  ilame  of  the 
oxyhydrogen  blow-pipe,  the  light  becomes  exceedingly  powerful, 
and  ac(|uires  a  tint  of  violet  Bodies  in  these  states  are  said  to  be 
incandescent  or  ignited. 

Again,  if  the  same  experiment  be  made  on  a  |)iece  of  charcoal, 
similar  effects  wiU  be  observed ;  but  something  in  addition ;  for 
whereas  the  platinum  and  porcelain,  when  removed  from  the  fire, 
or  the  lime  from  the  blow-pipe  flame,  begin  inmiediately  to  cool, 
and  emit  less  and  less  light,  until  they  become  completely  obscure, 
the  charcoal  maintains  to  a  great  extent  its  high  temperature. 
Unlike  the  other  botiies,  too,  which  suffer  no  change  whatever, 
either  of  weight  or  substance,  the  charcoal  gradually  wastes  away 
until  it  disappears.  This  is  what  is  called  combustion,  in  contra- 
distinction to  mere  ignition ;  the  charcoal  bums,  and  its  temperature 
is  kept  up  by  the  heat  evolved  in  the  act  of  union  with  the  oxygen 
of  the  air. 

In  the  most  general  sense,  a  body  in  a  state  of  combustion  is  one 
in  the  act  of  undergoing  intense  chemical  action  :  any  chemical 
action  whatsoever,  if  its  energy  rise  sufficiently  high,  may  produce 
the  phenomenon  of  combustion,  by  heating  the  body  to  suck  an  extent 
that  it  becomes  luminous. 

In  all  ordinary  cases  of  combustion,  the  action  lies  between  the 
burning  body  and  the  oxygen  of  the  air ;  and  since  the  materials 
employed  for  the  economical  production  of  heat  and  light  consist 
of  carbon  chiefly,  or  that  substance  conjoined  with  a  certain  pro- 
portion of  hydrogen  and  oxygen,  all  common  effects  of  this  nature 
are  cases  of  the  rapid  and  violent  oxidation  of  carbon  and  hydrogen 
by  the  aid  of  the  free  oxygen  of  the  air.  The  heat  must  be  referred  to 
the  act  of  chemical  imion,  and  the  light  to  the  elevated  temperature. 

By  this  principle,  it  is  easy  to  understand  the  means  which  must 
be  adopted  to  increase  the  heat  of  ordinary  fires  to  the  point 
necessary  to  melt  refractory  metals,  and  to  bring  about  certain 
desired  effects  of  chemical  decomposition.  If  the  rate  of  consump- 
tion of  the  fuel  can  be  increased  by  a  more  rapid  introduction  of 
air  into  the  buming  masSy  the  intensity  of  the  heat  will  of  necessl^ 

70WinE8.~T0L.  I.  X 
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rise  in  the  Home  latio,  the  quantity  of  hoat  evolved  liein^  fixed  and 
deflnitt  for  the  same  constant  quantity  of  chemical  action.  This 
increaaed  supply  of  air  may  be  effected  by  two  distiuct  methods  : 
it  irnty  be  forced  into  the  fire  by  Iwllows  or  blodiug-machines,  rs 
in  tbK  conmion  forge  and  in  the  blast  and  cnpola-fumaces  of  the 
iron-worker;  or  it  may  be  drawn  through  the  burning  materials  by 
the  help  of  a  tall  chimney,  the  fireplace  being  cloi^d  on  all  sides, 
and  nil  entrance  of  air  allowed,  save  lietween  the  bars  of  the  grate. 
Such  ia  the  kind  of  furnace  generally  employed  by  the  xcicntific 
chemist  in  aesaying  and  in  the  reduction  of  metallic  oxi<leB  liy 
clmrcDol ;  the  principle  will  be  at  once  understood  by  the  aid  of 
the  actional  dmwins  (fig.  10&),  in  which  a  cniciblc  is  representi^ 
arranged  in  the  fire  tor  an  operation  of  the  kind  mentioned. 

The  "reverberatory"  furnace  (fig.  106)  ia  one  very  much  used  in 
the  arts  when  siibstancea  are  to  be  exposed  to  bent  witliout  con- 
tact with  tlie  fuel.    The  fire-cbomber  ia  separated  &om  the  bed  or 


hearth  of  the  furnace  by  a  low  wall  or  bndge  of  bnckwork,  and 
the  flame  and  heated  air  are  reflected  downwards  by  the  arched 
form  of  the  roof.  Any  d^^e  of  beat  can  be  obtained  in  a  furnace 
of  this  kind — &om  the  temperature  of  dull  redness  to  that  required 
to  melt  Tery  large  quantities  of  cast-iron.  The  fire  is  urged  l>y  a 
chimney  provided  with  a  sliding-plate,  or  damper,  to  regulate  the 
diaught; 
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Solids  and  liauids,  as  melted  metal,  possess,  when  sufficiently 
heated,  the  faculty  of  emitting  light :  the  same  power  is  exhibited 
by  gaseous  bodies,  but  the  temperature  required  to  render  a  gas 
luminous  is  incomparably  higher  than  in  the  cases  already  described. 
Gas  or  vapour  in  this  condition  constitutes  fiamt^  the  actual  tem^pera- 
ture  of  which  generally  exceeds  that  of  the  white  heat  of  solid  bodies. 

The  li^ht  emitted  from  pure  flame  is  often  exceedingly  feeble ; 
but  the  illuminating  power  may  be  immensely  increased  by  the 
presence  of  solid  matter.  The  flame  of  hydrogen,  or  of  the  mixed 
^ases,  is  scarcely  visible  in  full  daylight ;  in  a  dusty  atmosphere, 
however,  it  becomes  much  more  luminous  by  igniting  to  intense 
whiteness  the  floating  particles  with  which  it  comes  in  contact. 
The  piece  of  lime  in  the  blow-pipe  flame  cannot  have  a  higher 
temperature  than  that  of  the  flame  itself,  yet  the  light  it  throws  off 
is  infinitely  greater. 

On  the  other  hand,  it  is  possible,  as  recently  pointed  out  by  Dr. 
Frankland,  to  produce  very  bright  flames  in  which  no  solid  particles 
are  present.  Metallic  arsenic  burnt  in  a  stream  of  oxygen  produces 
an  mtense  white  flame,  although  both  the  metal  itself  and  the 
product  of  its  combustion  (arsenious  oxide)  are  gaseous  at  the  tem- 
perature of  the  flame.  The  combustion  of  a  mixture  of  nitrogen 
dioxide  and  carbon  bisulphide  also  produces  a  dazzling  white  flame, 
without  any  separation  of  solid  matter. 

The  conditions  most  essential  to  luminosity  in  a  flame  are  a  high 
temperature,  and  the  presence  of  gases  or  vapours  of  considerable 
density.  The  effect  of  high  temperature  is  seen  in  the  greater 
brightness  of  the  flame  of  smphur,  phosphorus,  and  indeed  all  sub- 
stances, when  burnt  in  pure  oxygen,  as  compared  with  that  which 
results  from  their  combustion  in  common  air ;  in  the  former  case 
the  whole  of  the  substances  present  take  part  in  the  combustion, 
and  generate  heat,  whereas  in  the  latter  the  temperature  is  lowered 
by  the  presence  of  a  large  quantity  of  nitrogen,  which  contributes 
nothing  to  the  effect.  The  relation  between  the  luminosity  of  a 
flame  and  the  vapour-densities  of  its  constituents  may  be  seen 
from  the  following  table,  in  which  the  vapour-densities  are  referred 
to  that  of  hydrogen  as  unity. 

BelcUive  Densities  of  Oases  and  Vapours. 

.     90f 
71,  or  142 
.  160 
.  198 

A  comparison  of  these  numbers  shows  that  the  brightest  flames 
are  those  which  contain  the  densest  vapours.  Hydrogen  burning 
in  chlorine  produces  a  vapour  more  than  twice  as  heavy  as  that 
resulting  from  its  combustion  in  oxygen,  and  accordingly  the  light 
produced  in  the  former  case  is  stronger  than  in  the  latter ;  carbon 
and  sulphur  burning  in  oxygen  produce  vapours  of  still  greater 


Hydrogen, 
Water,     . 

1 
9 

Arsenious  chloride, 
Phosphoric  oxide. 
Metallic  arsenic, 

Hydrochloric  acid, 

.      18i 

Carbon  dioxide, 

.       22 

Arsenious  oxide, 

Solphor  dioxide, 

.       82 
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deiii^ity,  samelj,  carbon  dioxide  and  eulphur  dioxide,  and  tlieir 
combuHtion  given  a  still  brighter  light;  iuatlv,  phuspborus,  which 
haa  a  very  aeiue  vapour,  and  likewise  yieldB  a  prodact  of  great 
vapour-denaity,  bums  in  oiygen  with  a  brilliancy  which  the  eye 
can  Bcarcely  endure.  Moreover,  the  lumiiiosity  of  a  flame  is  in- 
creased by  condensiiig  the  aarrounding  gaseous  atmosphere,  and 
diminished  by  rarefyine  it.  The  flame  of  axaenic  burning  in  oxygen 
may  be  rendered  (luite  feeble  by  rarefying  the  oxygen ;  and,  on  the 
contrary,  the  laint  flame  of  an  ordinary  spirilriamp  becomes  very 
bright  when  placed  under  the  receiver  of  a  condensing-pump, 
Franklaud  has  also  found  that  candles  give  much  leas  liglit  when 
bumiug  on  tlte  iap  of  Mont  Blanc  uion  in  the  Tolley  below, 
altbou^i  the  rate  ofcombuation  in  the  two  cases  is  nearly  the  Bome. 
The  effect  of  condensation  in  increasing  the  brightness  of  a  flame  is 
also  strikingly  seen  in  the  combustion  of  a  mixture  of  oxygen  and 
hydrogen,  which  gives  but  a  feeble  light  when  burnt  vmder  the 
ordinary  atmospheric  pressure,  as  in  the  oxy-hydrogen  blow-pipe, 
but  a  ve^  briuht  flash  when  exploded  in  the  Cavendish  eudiometer 
{p.  139),  in  which  the  water-vapour  produced  by  the  combustion 
la  prevented  from  expanding. 

Flames  burning  in  Iht'  air,  and  not  supplied  with  nxygi^n  fmm 
another  source,  are,  an  already  stated,  hollow,  the  cheniiiml  action 
being  necessarily  confined  to  tlie  spot  where  the  two  bodies  unite. 
That  of  a  lamp  or  candle,  when  carefully  examined,  is 
seen  to  consist  of  three  separate  portions.  The  dark  central 
part,  easily  rendered  evident  by  depressing  upon  the  flame 
a  piece  of  fine  wire-ganze,  consists  of  combustible  matter 
drawn  up  by  the  capillarity  of  tlie  wick,  and  volatilised 
by  the  heat.  This  is  surrounded  by  a  highly  luminous 
cone  or  envelope,  which,  in  contact  with  a  cold  body, 
deposits  soot.  On  the  outside,  a  second  cone  is  to  be 
traced,  feeble  in  its  light-giving  power,  but  liaving  an 
exceedingly   high  t«mpeiature.     The   most   probable  ex- 

Elanation  of  these  appearances  is  as  follows  : — Carbon  and 
ydrogen  are  very  unequal  in  tlieir  attraction  for  oxygen, 
the  latter  greatly  exceeding  the  former  in  this  respect : 
consequently,  when  both  are  pre^nt,  and  the  supply 
of  oiygen  is  limited,  the  bydrogen  takes  up  the  greater  portion  of 
the  oxygen,  to  the  exclusion  of  a  great  port  of  the  carbon.  Now, 
this  happens,  in  the  case  under  considemtion,  at  some  little  distance 
within  the  outer  surface  of  the  flame — namely,  in  tlie  luminous 
portion;  the  little  oxygen  which  has  penetrated  thus  far  inwards  is 
mostly  consumed  by  the  hydrogen,  and  hydro-carbons  are  separated, 
rich  in  carbon  and  of  great  density  in  the  state  of  vapour  (naphtha- 
lene, chrysene,  pyrene,  &C.).  These  hydro-carboiiH,  which  would 
form  smoke  if  they  were  cooler,  and  are  deposited  on  a  cold  body 
held  in  the  flame  in  the  form  of  soot,*  become  intensely  ignited  by 

*  Soot  ii  not  pun  orboD,  but  a  mlitun  of  heavy  bydio-carboDs. 
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Fig.  108. 


the  burning  hydrogen,  and  evolve  a  light  whose  whiteness  marks 
a  very  elevated  temperature.  In  the  exterior  and  scarcely  visible 
cone,  these  hydro-car  oons  undergo  combustion. 

A  jet  of  coal-gas  exhibits  the  same  pheno- 
mena; but,  if  the  gas  be  previously  mingled 
with  air,  or  if  air  be  forcibly  mixed  with,  or 
driven  into,  the  flame,  no  such  separation  of 
carbon  occurs  ;  the  hydrogen  and  carbon  bum 
together,  forming  vapours  of  much  lower  density, 
and  the  illuminating  power  almost  disappears. 

The  common  mouth  blow-pipe  is  an  mstru- 
ment  of  great  utility ;  it  is  merely  a  brass 
tube  fitted  with  an  ivory  mouth-piece  and 
terminated  by  a  jet  having  a  small  aperture, 
by  which  a  current  of  air  is  driven  across  the 
flame  of  a  candle.  The  best  form  is  perhaps 
that  contrived  by  Mr.  Pepvs,  and  shown  in 
fig.  108.  The  flame  so  produced  is  very  pecu- 
liar. 

Instead    of  the    double   envelope  just  de- 
scribed, two  long  pointed  cones  are  observed 
(fig.  109),  which,  when  the  blow-pipe  is  good, 
and  the  aperture  smooth  and  round,  are  very 
well  defined,  the  outer  cone  being  yellowish,  and 
the  inner  blue.    A  double  combustion  is,  in 
fact  going  on,  by  the  blast  in  the  inside,  and 
by  the  external  air.    The  space  between  the 
inner  and  outer  cones  is  filled  with  exceedingly  hot  combustible 
matter,  possessing  strong  reducing  or  deoxidising  powers;  while 
the  highly  heated  air  ju^  beyond  the 
point  of  the  exterior  cone  oxidises  with 
great  facility.      A  small    portion    of 
matter,  supported  on  a  piece  of  char- 
coal, or  fixed  in  a  ring  at  the  end  of  a 
fine  platinum  wire,  can  thus  in  an 
instant  be  exposed  to  a  very  high  degree 
of  heat  under  these  contrasted  circum- 
stances, and  observations  of  great  value 
made  in  a  very  short  time.    The  use 
of  the  instrument  requires  an  even  and 
uninterrupted  blast  of  some  duration, 
by  a  metnod  easily  acquired  with  a 

little  patience :  it  consists  in  employing  for  the  purpose  the  muscles 
of  the  cheeks  alone,  respiration  being  conducted  through  the  nostrils, 
and  the  mouth  from  time  to  time  replenished  wiui  air,  without 
intermission  of  the  blast. 

The  Argand  lamp,  adapted  to  bum  either  oil  or  spirit,  but 
especially  the  latter,  is  a  very  useful  piece  of  chemical  apparatus. 
In  this  lamp  the  wick  is  cylindrical,  the  flame  being  supplied  with 


Fig.  109. 


air  l>otb  inmile  and  ontoide  :  the  comliustion  is  greatly  luded  by  the 
chimney,  which  ia  nuide  of  copptr  when  the  Luup  is  need  us  a 

Fig.  110  exhibits,  in  eection,  on  excellent  lump  of  this  kind  fur 


and  furnished  with  ground  caps  to  the  wick-holder  and  aperture,* 
by  which  the  spirit  is  introduced,  in  order  to  preveat  loss  when 
the  lamp  is  not  in  use.  Qloss  spirit-lamps  (Hg.  Ill),  fitted  with 
caps  to  prevent  evaporation,  are  very  convenieat  for  occasional  use, 
being  always  ready  and  in  order. 

Is  London,  and  other  large  towns  where  coal-gas  is  to  be  had, 
it  is  constantly  used  with  the  greatest  economy  and  advantage  in 
every  respect  aa  a  source  of  he^t.  Eetorts, 
flasks,  capsules,  and  other  vessels,  can  be  thus 
exposed  to  an  easily  regulated  and  invariable 
temperature  for  many  successive  hours.  Small 
platinnm  crucibles  may  be  ignited  to  redness  by 
placing  them  over  the  flame  on  a  little  wire 
triangle.  The  arrangement  shown  in  lig.  112, 
cunsiating  of  a  common  Argand  gas-burner  fixed 
on  a  heavy  and  low  foot,  and  connected  with  a 
flexible   tube  of  cfloulchouc  or  other  material, 


A  lusher  temperature,  and  perfectly  smokeless 
flame,  is,  however,  obtained  by  burmng  the  Kas 
previously  mixed  with  air.  Such  a  flame  is  easily 
produced  b^  placing  a  cap  of  wire-gauze  on  the 
chimney  of  the  Argand  burner  just  described,  and  setting  tire  to  the 
gaa  above  the  wire-gauze.    The  flame  does  not  penetrate  below,  but 


*  When  in  nm,  this  speitim  moat  always  be  open,  otherwiM 
■Die  U>  happen ;  the  heat  eipauida  tka  air  in  the  luup,  and  the  i 
ODtinaaUMof 


I  oe  open,  ouierwisa  an  accident  U 
.  the  luup,  and  the  spirit  is  forced 
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Fig.  118. 


the  gas,  in  paesing  up  the  cbimney,  becomes  mixed  with  air,  and  this 
mixture  burns  above  the  cap  with  a  blue,  smokeless  flame. 

Another  kind  of  burner  for  producing  a  smokeless  flame  has  been 
contrived  by  Professor  Bunsen,  and  is  now 
very  generally  used  in  chemical  laboratories. 
In  this  burner  (fig.  113)  the  gas,  supplied 
by  a  flexible  tube  t,  passes  through  a  set  of 
small  holes  into  the  dox  at  a,  in  which  it 
mixes  with  atmospheric  air  entering  freely 
by  a  number  of  holes  near  the  top  of  the 
box.  The  gaseous  mixture  passes  up  the 
tube  5,  and  is  inflamed  at  the  top,  where  it 
bums  with  a  tall,  blue,  smokeless  flame, 
giving  very  little  light,  but  much  heat. 
By  arranging  two  or  more  such  tubes, 
together  with  an  air-box  containing  a  sufficient  number  of  holes,  a 
very  powerful  burner  may  be  constructed. 

Considerable  improvements  in  this  form  of  burner  have  been 
made  by  Mr.  Griffin,  who  has  also  constructed,  on  the  same  prin- 
ciple, powerful  gas-furnaces,  affording  heat  sufficient  for  the  decom- 
position of  silicates,  and  the  fusion  of  considerable  quantities  of 
cop^r  or  iron.*  The  principle  of  burning  a  mixture  of  gas  and 
air  IS  also  applied  in  Hofmann's  gas-fiimace  for  organic  amdysis, 
which  will  be  described  under  Organic  Chemistry. 

The  kindling-point,  or  temperature  at  which  combustion  com- 
mences, is  very  different  with  difierent  substances  ;  phosphorus  will 
sometimes  take  fire  in  the  hand ;  sulphur  requires  a  temperature 
exceeding  that  of  boiling  water ;  charcoal  must  be  heated  to  redness. 
Among  gaseous  bodies  the  same  fact  is  observed ;  hydrogen  is 
inflamed  by  a  red-hot  wire  ;  light  carburetted  hydrogen  requires  a 
white  heat  to  effect  the  same  thing.  When  flame  is  cooled  by  any 
means  below  the  temperature  at  which  the  rapid  oxidation  of  the 
combustible  gas  occurs,  it  is  at  once  extinguished.  Upon  this 
depends  the  principle  of  Sir  H.  Davy's  invaluable  safety-lamp. 

Mention  has  already  been  made  of  the  frequent  disengagement  of 
great  quantities  of  light  carburetted  hydrogen  gas  in  coal  mines. 
This  gas,  mixed  with  seven  or  eight  times  its  volume  of  atmospheric 
air,  l^omes  highly  explosive,  taking  fire  at  a  light  and  bumins 
with  a  pale-blue  flame ;  and  many  fearful  accidents  have  occurred 
from  the  ignition  of  lar^e  quantities  of  mixed  gas  and  air  occupy- 
ing the  extensive  galleries  and  workings  of  a  mine.  Davy  unaer^ 
took  an  investigation  with  a  view  to  discover  some  remedy  for 
this  constantly  occurring  calamity;  his  labours  resulted  in  some 
exceedingly  important  discoveries  respecting  flame,  which  led  to  the 
construction  of  the  lamp  which  bears  his  name. 

Wlien  two  vessels  filled  with  a  gaseous  explosive  mixture  are 


*  See  the  article  on  Gkis-biumers  and  Furnaces  in  WattB*8  Dictionary  of 
Chemistry,  ii.  782L 
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connected  \>y  a  narrow  tnbe,  utd  the  contenta  of  one  fired  l^  tliS 
electric  Bpark,  or  otherwise,  the  flame  is  not  commonicated  to  the 
other,  prorided  the  diameter  of  the  tube,  its  length,  and  Ihe  can- 
ducting  power  for  heat  of  it*  niaierial,  bear  a  certttin  proportion  to 
each  other  ;  the  flame  is  extiuguidhed  by  cooling,  and  its  tronsmia- 
sion  rendered  inipc«eilile. 

In  this  eipenment,  high  condncting  power  and  diniiniahed 
dianieter  compensate  for  diminution  in  length  ;  and  to  t^ach  an 
extent  can  thia  be  carried,  that  metallic  gauze,  which  may  be  bxifwd 
upon  as  a  series  of  verj  abort  square  tabes  arranged  aide  bj  aide, 
wnen  of  sufficient  degree  of  fineness,  arre^lH  in  the  moat  complete 
manner  the  passage  of  flame  in  explosive  mixtures.  Now  the  fire- 
damp mixtnre  has  an  exceedingly  high  kindling  point;  a  red  beat 
does  not  cause  inflammation ;  consequently,  the  gauze  will  be 
aafe  for  tliis  sabatance,  when  flame  would  pass  in  almost  any  other 

The  nuner'E  safety-lamp  is  merely  an  ordinary  oil-lamp,  the  flama 
of  which  is  enclosed  in  a  cage  of  vire-gnuiEe,  made 
Fig.  114.  double  at  the  upper  part,   containing   about    400 

apertures  to  the  8i[Uare  inch.  The  tube  for  supply- 
ing oil  to  the  respr^'oir  reaches  nearly  to  iby  bottom 
of  the  latter,  while  the  wick  admits  of  being  trimmed 
by  a  bent  wire  paasiug  with  friction  through  a  small 
tube  in  the  body  of  the  lamp;  the  flame  can  thus 
be  kept  burning  for  any  length  of  time,  without 
the  necessity  of  unscrewing  the  cage.  When  this 
lamp  is  taken  into  an  explosive  atmosphere,  although 
the  fire-damp  may  bum  within  the  cage  with  such 
energy  as  sometimes  to  heat  the  metallic  tissue  to 
dull  redness,  the  Same  ia  not  communicated  to  the 
mixture  on  the  outside. 

These  efiects  may  be  conveniently  studied  by 
suspending  the  lamp  in  a  large  ghiss  jar,  and 
gradually  admitting  coal-gas  below.  The  oil-flame 
IS  at  first  elongated,  and  then,  as  the  proportion  of 
gas  increases,  extinguished,  while  the  interior  of 
the  gauze  cylinder  becomes  fillisd  with  the  burning 
mixture  of  gas  and  air.  As  the  atmosphere  becomes 
purer,  the  wick  is  once  more  relighted.  These 
appearances  are  so  remarkable  that  the  lamp  becomes  an  admir- 
aofe  indicator  of  the  state  of  the  air  in  dlfiereut  ports  of  the 

*  Thb  Is  ths  tra«  nM  of  the  lamp,  namely,  to  permit  tbe  viewer  or  snperin- 
iendent,  without  risk  to  himulf,  to  eiamine  the  >tate  of  the  air  in  every  psrt 
oftheiDine;  not  to  enable  workman  to  continne  their  labours  in  an  atmo- 

Sihere  habitually  explosive,  which  must  be  unfit  for  human  reapiretion, 
though  the  evil  effects  may  be  Blow  to  appear.  Owncrsofcoal-minea  should 
be  oompslled  either  to  adopt  efficient  means 
ing«  of  tU«  dangennu  chancter  aJ  bother. 
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The  same  principle  is  ingeniously  applied  in  the  tonstruction 
of  Hemming^  oxynydrogen  safety-jet  already 
mentioned.  This  is  a  tube  of  brass  about  four 
inches  long,  filled  with  straight  pieces  of  fine 
brass  wire,  the  whole  being  tightly  wedged  to- 
gether by  a  pointed  rod,  forcibly  driven  into  the 
centre  of  the  bundle.  The  arrangement  thus 
presents  a  series  of  metallic  tubes,  very  long 
m  proportion  to  their  diameter,  the  cooling 
powers  of  which  are  so  great  as  to  prevent  the 
possibility  of  the  passage  of  flame,  even  with 
oxygen  and  hydrogen.  The  jet  may  be  used, 
as  before  mentioned,  with  a  common  bladder, 
without  the  chance  of  explosion.  The  funda- 
mental fact  of  flame  being  extinguished  by  con- 
tact with  a  cold  body,  may  be  strikingly  shown 
by  twisting  a  copper  wire  into  a  short  spiral, 
about  0*1  mch  in  diameter,  and  then  passing 
it  cold  over  the  flame  of  a  wax  candle;  the 
latter  is  extinguished.  If  the  spiral  be  now 
heated  to  redness  by  a  spirit-lamp,  and  the 
experiment  repeated,  no  sucn  effect  foUows. 

Compound  of  Carbon  and  Nitrogen,    Cyanogen. 

When  a  stream  of  air  is  passed  over  a  mixture  of  charcoal  and 
potassium  carbonate  kept  at  a  bright  red  heat,  the  nitrogen  of  the  air 
unites  with  the  carbon  and  the  potassium,  forming  a  compound 
called  potassium  cyanide,  containing  39  parts  of  potassiimi,  12  of 
carbon,  and  14  of  nitrogen,  and  represented  by  the  formula  KCN. 
It  is  a  crystalline  salt,  which  dissolves  easily  in  water,  and  decom- 
poses mercuric  oxide,  forming  potassium  hydrate  and  mercuric 
cyanide  : 

2KCN     -I-     HoO     -I-     HffO     =     2KH0     4 


Potatsinin 
qranide. 


H,0 

Water. 


+     HgO    - 

Mercnrle 
oxide. 


Potasdnm 
hydroxide. 


HgCN, 

Mercuric 
cyanide. 


Now,  when  dry  mercuric  cyanide,  which  is  a  white  crystalline 
substance,  is  strongly  heated  in  a  glass  tube,  fitted  up  like  that 
used  for  the  evolution  of  oxygen  from  mercuric  oxide  (p.  117),  it 
splits  up,  like  the  oxide,  into  metallic  mercury,  and  a  gaseous  body 
called  cyanogen,  containing  12  parts  by  weight  of  carbon  and  14 
of  nitrogen,  and  represented  by  the  formula  CN.  It  must  be  col- 
lected over  mercury,  as  it  is  rapidly  absorbed  by  water. 

Cyanogen  is  a  colourless  gas,  having  a  pungent  and  very  peculiar 
odour,  remotely  resembling  tnat  of  peach-kernels.  Exposed  while  at 
the  temperature  of  45°  F.  (7*2°  C.)  to  a  pressure  of  3-6  atmospheres, 
it  condenses  to  a  thin,  colourless,  transTMirent  liquid.  It  is  inflam- 
mable, and  bums  with  a  beautiful  purple  or  peach-blossom-coloured 
flame,  generating  carbon  dioxide  and  liberating  nitrogen.      Its 
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unity.  One  volume  of  it  exploded  witli  S  vols,  oxygen,  yields  1  voL 
nitrogen  and  S  vols,  carhon  dioxide.  Now,  the  treighte  of  eqiiul 
volumen  of  cyanogen,  nitrogen,  and  cnrbon  dioxide  tire  ae2f1: 14::22. 
Confiequeiitly,  SQ  parts  by  weight  of  cyimogeo  yield  by  conihtiatiou 
14  parte  of  nitrogen  and  44  puiB  of  carbon  dioxide,  containing  li 
yait»  of  uarLon  ;  or  26  cyanogen  =  12  carbon  +  14  nitrogen. 

Water  disBolvea  4  or  5  tiiuex  il«  volmne  of  cyanogen  gae,  and 
alcohol  a  much  larger  qaantitT:  the  eolation  rapidly  decompo^ee, 
yielding  onunonium  oxalate,  a  brown  insolnble  matter,  and  otber 
products. 

Cyanogen  unite*  (though  not  directly)  with  hydrogen,  forming 
the  very  poisonous  compound  called  hydrocyanic  or  prusaic 
acid;  and  with  metals,  lorming  compounds  called  cyanides,  Ana- 
logous in  composition  and  character  to  the  chlorides,  iodides, 
bromides,  &c.  In  nhort,  this  group  of  elements,  represented  by  the 
formula  CN,  combines  with  elementary  bodies,  and  is  capable  of 
pajtsing  from  one  state  of  combination  to  another,  just  as  if  it  were 
Itself  on  elementary  body.  Snch  a  group  of  elements  is  called  a 
compound  radicle.  We  have  already  had  occasion  to  notioe 
another  «nrli  group,  viz.,  ftmmnniiim,  NH,.  Cyanogt^n,  however, 
is  analogous  in  tt«  chemical  relations  to  the  non-metallic  elements, 
chlorine,  bromine,  oxygen,  &c.;  whereas  ammonium  is  a  qnosi-metal 
analt^us  to  potassium,  &c. 

The  compounds  of  cyanogen  will  be  further  considered  under 
Organic  Chemistry. 


CHLOBZNE. 

Atomic  weight,  36-B.  Symbol,  CI. 
Taie  substance  is  a  member  of  a  verv  important  natural  group, 
containinL'  also  iodine,  bromine,  and  fluorine.  So  OTcat  a  degree 
of  resemblance  exists  between  these  bodies  in  all  their  chemical 
relations,  especially  between  chlorine,  bromine,  and  iodine,  that 
the  history  of  one  will  almost  serve,  with  a  few  little  alterations, 
for  that  ot  the  rest  On  account  of  the  occurrence  of  chlorine,  bro- 
mine, and  iodine  in  sea-water,  the  elements  of  this  group  are  called 
halogen-elements,  and  their  metaUic  compounds,  haloid  com- 
pounds.* 

Chlorine  is  a  very  abundant  substance ;  in  common  salt  it  exists 
in  combination  with  sodium.  It  is  most  easily  prepared  by  pouring 
strong  hydrochloric  acid  upon  finely  powdered  black  oxide  of 
manganese  (MnO,)  contaimjd  in  a  retort  or  flask  (tig.  116),  and 
eppiyinga  gentle  neat;  a  heavy  yellow  gas  is  disengaged,  which  is 
the  substance  in  question. 

It  may  be  collected  over  warm  water,  or  by  dieplacement :  the 
*  From  oXc,  the  fen. 
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mercurial  troosti  cannot  be  employed,  aa  the  dilorine  npidly  acts 

upon  the  mebu,  and  becomes  absorbed. 
The  reaction  cooaiata  in  an  interchange  between  the  8  atoms  ot 

oijgen  of  the  man^ne«e  dioxide  and  4  atoms  of  chlorine  from  the 

hydrochloric  aciiL  the  oxygen  onitinK  with  the  hydrogen  to  form 

water,  while,  of  the  chlorine,  one-half  unites  with  the  numganeBe, 

forming  a  chloride,  MnCl,,  and  the  other  half  it  given  off  as  gas ; 
MnO,  +  4HC1  =  3H,0  +  MnCa,  +  CI,. 
The  same  process  is  used  for  the  preparation  of  chlorine  on  the 

manofacturini;  scale,  the  hydrochloric    acid  which  is  evolred  in 

luge  quantities  by  heating  common  salt  with 

sulphuric  acid,  in  Leblanc's  soda-proceea  being  ^*'  "*■ 

utilised  for  the  purpose. 
The  waste-Ui)Uor  obtained  in  the  chlorine 

manufacture  consists  of  an  impure  solution  of 

manganous  chloride   MnCU    u^ni   which   the 

mangauese  may  be  sepaiat^a  by  an  alkali  in  the 

form  of  manganous  oxide,  MnO.     But  to  render 

the  manganese  thus  precipitated  again  available 

for  the  production  of  chlorine,  it  must  first  be 

brought  to  the  state  of  dioxide,  and  this  may  be 

effected  by  mixing  the  manganese  liquor  with 

on  excess  of  hot  milk  of  lime,  or  magnesia,  and 

blowing  hot  air  through  the  mixtur«.    By  this 

means,  a  compound  of  mAnganese  dioxide  with 
lime  or  ma^esia,  e.g.  CaO.MnO^  or  CaMn{^ 

called  calcium  or  magnesium  manganite, 
is  formed,  which,  when  heated  with  hydro- 
chloric acid,  gives  off  chlorine  in  the  manner 
above  describt^  This  is  Weldon's  process 
for  the  regeneration  of  manoanese,  which  is 
now  lai^ly  used  both  in  Kngfnml  and  on  the 
Continent. 

A  procesB  for  the  separation  of  chlorine  from  hydrochloric  acid, 
without  the  use  of  any  m^i^anese  compound,  has  been  introduced 
hy  Mr.  U.  Deacon.  It  consbts  in  passing  a  mixture  of  hydrochloric 
acid  gas  and  oxy^n,  or  air,  over  cupric  sulphate  or  other 
cnjpric  salt  heated  to  370-400"  C.  (eSS-Tsr  F.),  the  hydrochloric 
acid  being  then  decomposed,  its  hydrwen  combining  vrith  the 
o^gen,  and  the  chlorine  being  set  free.  TTie  best  way  of  conducting 
the  process  is  to  pass  the  mixed  gases  over  pieces  of  bricE 
soaked  in  solution  of  cupric  sulphate  and  dried,  iTie  action  of  the 
copper  salt  is  not  well  nnderatood,  but  appears  to  belong  to  that 
diss  of  phenomena  called  catalytic  or  contact  actions.  Other  metallic 
■alts  act  in  a  similar  way,  but  leas  completely. 

Chlorine  is  a  yellow  gaseous  body,  of  intohaahly  suffocating  pn>- 
perries,  producing  very  violent  cough  and  irritation  when  inJuUed, 
even  in  exceedingly  small  quantity.    It  is  soluble  to  a  conBideEa.bU 


coikIciix's  tn  <i  yellow  liiiipid  liquid. 

Clilniine  hiis  but  littlt*  attiuction  for  oxygei 
principally  exerted  towards  hydrogen  and  the 
taper  plunged  into  the  ^  continues  to  burn  w 
and  emits  a  larse  quantity  of  smoke,  the  hydrog 
alone  consumea,  and  the  carbon  separated.     If 
wetted  with  oil  of  turpentine,  ana  thrust  into  i 
chlorine,  the  chemical  action  of  the  latter  upon 
violent  as  to  cause  inflammation,  accompanied  b; 
of  soot.    Chlorine  may,  by  indirect  means,  be  mat 
carbon ;  but  this  combination  never  occurs  under 
described. 

Phosphorus  takes  fire  spontaneously  in  chlorin 
pale  and  feebly  luminous  flame.  Several  of  the 
lea^  powdered  antimony,  and  arsenic,  undergo  & 
same  manner.  A  mixture  of  equal  measures  of  chloi 
explodes  with  violence  on  the  passage  of  an  electri( 
application  of  a  lighted  taper,  hydrochloric  acid  g 
ouch  a  mixture  may  be  kept  in  the  dark  for  any  leu 
out  change  :  exposed  to  diffuse  daylight,  the  two  g 
while  the  direct  rays  of  the  sun  induce  instantaneo 

The  most  characteristic  property  of  chlorine 
power;  the  most  stable  organic  colouring  princij 
decomposed  and  destroved  hj  this  remarkable  a^ 
example,  which  resists  the  action  of  strong  oil  of  vit 
by  chlorine  into  a  brownish  substance,  to  which 
cannot  be  restored.  The  presence  of  water  is  e 
chsa^l&Bf  for  the  gas  in  a  state  of  perfect  dryness  i 
of  afrecting  litmus. 

Chlorine  is  Iat****'"^  ^,--  ■•  • 
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absence  of  bleaching-powder,  either  of  the  methods  for  the  produc- 
tion of  the  gas  described  may  be  had  recourse  to,  always  taking 
care  to  avoid  an  excess  of  acid. 

Hydrogen  Ohloride,  or  Hydrochloric  Acid,  HCl ;  also  called 
CMorkydric  and  Muriatic  Add, — This  substance,  in  a  state  of  solu- 
tion in  water,  has  long  been  known.  The  gas  is  prepared  with  the 
utmost  ease  by  heating,  in  a  flask  fitted  with  a  cork  and  bent  tube,  a 
mixture  of  common  salt  and  oil  of  vitriol  diluted  with  a  small 
quantity  of  water ;  it  must  be  collected  by  displacement,  or  over 
mercury.  It  is  a  colourless  gas,  which  fumes  strongly  in  the  air 
from  condensing  the  atmospheric  moisture ;  it  has  an  acid,  suffo- 
cating odour,  but  is  much  less  offensive  than  chlorine.  Exposed  to 
a  pressure  of  40  atmospheres,  it  liquefies. 

Hydrochloric  acid  gas  has  a  density  of  1*269  compared  with  air, 
or  18*25  compared  with  hydro^n  as  unity.  It  is  exceedingly 
soluble  in  water,  that  liquid  taking  up,  at  the  temperature  of  the 
air,  about  418  times  its  bulk.  The  gas  and  solution»are  powerfully 
acid. 

The  action  of  sulphuric  acid  on  common  salt,  or  any  analogous 
substance,  is  explained  by  the  equation, 

2NaCl  +  H2SO4  =  NajjSO*  +  2HC1. 

The  composition  of  hydrochloric  acid  may  be  determined  by 
synthesis  :  when  a  measure  of  chlorine  and  a  measure  of  hydrogen 
are  fired  by  the  electric  spark,  two  measures  of  hydrochloric  acid 
gas  result,  the  combination  being  unattended  by  change  of  volume. 
By  weijjht  it  contains  36*6  parts  of  chlorine  and  1  part  of  hydrogen. 

Solution  of  hydrochloric  acid,  the  liquid  acid  of  commerce,  is  a 
very  important  preparation,  and  of  extensive  use  in  chemical  pur- 
suits :  it  is  best  prepared  by  the  following  arrangement : — 

A  large  glass  nasK,  containing  a  quantity  of  common  salt,  is  fitted 
with  a  cork  and  bent  tube,  in  the  manner  represented  in  fig.  117 : 
this  tube  passes  through  and  below  a  second  tuoe  into  a  ^dde-necked 
bottle,  containing  a  little  water,  into  which  the  open  tube  dips.  A 
bent  tube  is  adapted  to  another  hole  in  the  cork  of  the  wash-bottle, 
so  as  to  convey  the  purified  gas  into  a  quantity  of  distilled  water,  by 
which  it  is  instantly  absorbed :  the  joints  are  made  air-tight  by  melt- 
ing a  little  yellow  wax  over  the  corks. 

A  quantity  of  sulphuric  acid,  about  equal  in  weight  to  the  salt, 
is  then  slowly  introduced  by  the  funnel ;  the  disengaged  gas  is  at 
first  wholly  absorbed  by  the  water  in  the  wash-bottle,  but  when 
this  becomes  saturated,  it  passes  into  the  second  vessel,  and  there 
dissolves.  When  all  the  acid  has  been  added,  heat  may  be  applied 
to  the  flask  by  a  charcoal  chauffer,  until  its  contents  appear  nearly 
dry,  and  the  evolution  of  gas  almost  ceases,  when  the  process  may 
be  stopped.  As  much  heat  is  given  out  during  the  conaensation  of 
the  gas,  it  ia  necessary  to  surround  the  condensing  vessel  with  cold 
water. 
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The  Bimple  wash-bottle,  8ho*-n  in  figura  X17,  will  b* 
bh  exceeding  nsefuUy  coutrivauce  in  a  great  uunibcr  of  c 
opcruti.nw.  It  serves  in  the  pwaenl,  and  in  many  eimiU 
to  retain  any  liijuid  or  solid  matter  mechanically  carried  oi 


the  gas,  and  it  may  be  alwaya  employed  when  a  ^s  of  any  kind 
is  to  be  passed  through  an  alkaline  or  other  aohition.  The  open 
tube  dipping  into  the  liquid  prevents  the  possibility  of  alworption, 
by  which  a  partial  vacuum  would  be  occasioned,  and  the  liquid  of 
the  second  vessel  lost  by  being  driven  into  the  first. 

The  arrangement  by  which  the  acid  is  introduced  also  deserves  a 
moment's  notice  (fig.  118).  The  tube  is  bent  twice  upon  itself,  and 
a  bulb  blown  in  one  portion :  the  liquid  poured  into  the  funnel  rises 
upon  the  opposite  side  of  the  first  bend  until  it  rcachi-s  the  second ; 
it  then  flows  over  and  runs  into  the  flask.  Any  quantity  cau  then 
be  got  into  the  latter  without  the  introduction  of  air,  and  without 
the  escape  of  gas  from  the  interior.  The  fuunel  acts  also  as  a  kind 
of  safety-valve,  and  in  both  directions;  for  if  by  any  chance  the 
delivery-tube  should  be  stopped,  and  the  issue  of  (,"03  prevented, 
ite  increased  elastic  force  soon  drives  the  little  column  of  liquid  out 
of  the  tube,  the  gas  escapes,  and  the  vessel  is  saved.  On  the  other 
hand,  any  absorption  witliin  is  quickly  compensated  by  tltc 
entrance  oLaix  though  the  liquid  in  the  bulb. 
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.   The  plan  employed  on  the  large  scale  by  the  manufacturer  is  the 
same  in  principle  as  that  descrilM. ;  he  merely  substitutes  a  large 
iron  cylinder,  or  apparatus  made  of  lead,  for  the  flask, 
and  vessels  of  stoneware  for  those  of  ^lass.  ^8-  us. 

Pure  solution  of  hydrochloric  acid  is  transparent  and  ^ 
colourless :  when  strong  it  fumes  in  the  air  by  evolvinc  ^ 
a  little  gas.  It  leaves  no  residue  on  evaporation,  and 
gives  no  precipitate  or  opacity  with  dilut^  solution  of 
barium  chloride.  When  saturated  with  the  gas,  it  has  a 
specific  cravitv  of  1*21,  and  contains  about  42  per  cent,  of 
real  acid.  The  commercial  acid,  which  is  obtained  in 
immense  quantity  as  a  sec(mdary  product  in  the  manu- 
facture of  sodium  sulphate  by  the  action  of  sulphuric  acid 
upon  common  salt,  has  usually  a  yellow  colour,  and  is  very 
impure,  containing  salts,  sulphuric  acid,  chloride  of  iron,  and 
organic  matter.  It  may  be  rendered  sufficiently  pure  for 
most  purposes  by  diluting  it  to  the  density  of  1*1,  which 
happens  when  the  strong  acid  is  mixed  with  its  own  bulk 
or  rather  less  of  water,  and  then  distilling  it  in  a  retort 
furnished  with  a  Liebig's  condenser. 

On  distilling  an  aqueous  solution  of  hydrochloric  acid,  an  acid  is 

Eroduced  boiling  at  110°  which  contains  20*22  per  cent,  of  anhydrous 
ydrochloric  acid :  a  more  concentrated  solution  when  heated  gives 
off  hydrochloric  acid  gas ;  a  weaker  solution  loses  water.  Roscoe 
and  Dittmar  have  proved  that  the  composition  of  the  distillate 
varies  with  the  atmospheric  pressure ;  it  cannot,  therefore,  be  viewed 
as  a  chemical  compound. 

A  crystalline  hydrate  of  hydrochloric  acid,  having  the  composition 
HCl .  2H2O,  is  formed  by  passing  a  stream  of  nearly  dry  hydro- 
chloric acid  gas  through  the  concentrated  aqueous  acid  cooled  by 
a  freezing  mixture  to  -  22°.  The  crystals  decompose  rapidly  in  the 
air,  emitting  white  fumes ;  they  dissolve  very  quickly  in  water  at 
ordinary  temperatures ;  very  slowly  at  — 18°. 

Mixtures  of  snow  and  hydrochloric  acid  form  very  powerful  and 
economical  refrigerants.  With  two  parts  of  snow  and  1  part  of  the 
acid  a  lowering  of  temperature  to  —  32"*  is  readily  obtained.* 

NUro-hydroMoric  Acid. — A  mixture  of  nitric  and  hydrochloric  acid 
has  long  been  known  under  the  name  of  ciqua  regiay  from  its  property 
of  dissolving  gold.  When  these  two  substances  are  heated  together, 
they  both  undergo  decomposition,  nitrogen  tetroxide  and  chlorine 
being  evolved.  This,  at  least,  appears  to  be  the  final  result  of  the 
action :  at  a  certain  stage,  however,  two  peculiar  substances,  consist- 
ing of  nitrogen,  oxygen,  and  chlorine  (chloronitric  acid  ^,  NOCl^, 
and  chloronitrous  gas,  NOCl),  appear  to  be  formed.  It  is  only  the 
chlorine  which  attacks  the  metal. 

The  presence  of  hydrochloric  acid,  or  any  other  soluble  chloride, 
is  easily  detected  by  solution  of  silver  nitrate.    A  white  curdy  pre- 

*  Pierre  and  PachotfComptesrendus,  Ixxxil.  45. 


cipitate  ia  ptwduced,  insoluWe  in  nitric  acid,  ftetly  BoluUe  in 
tmunotiifl,  and  Bubjeut  to  blacken  by  eipoBure  to  light. 

Oxidei  and  Oxyaeids  of  Chlorinf. 

There  are  four  oiyacidB  of  chtorine,  which  may  be  regarded  » 
osidee  of  hydrochloric  acid ;  thus — 

Compuillton  by  mlithE. 

FarmnlL  R;druBEa.            Chlorlnt^                Oiygen. 

Hydrochloric  acid,     HCl  1         + 

Hypochloroua  acid,   HCIO  1         + 

Chlorous  acid,  .        HCIO,  1         + 

Chloric  acid,     .         HCIO,  1         + 

Perchloric  add,         HaOj  1         + 

Thf  anhydrous  chlorine  oxides  correfiponding  with  bypticliloraua 
ond  dilurous  acids  ore  alao  known,  namely — 

Chlorine.  Chlorine.  Osygpo, 

chbrouB  oxide,  Cl.O,  .  "  {  "  '"  ^  +  "^  =  +  ^'  , 
""irid"' CUof !'   °-   .'^''""'' j  35-6       +       35'5       +       *8 

Also  aa  oiide  to  which  there  is  no  corresponding  acid,  nainely — 

Chlorine  tetroiide,  01,0,      .     .       2  x  36-S     +       6i 

The  oxides  corresponding  with  chloric  and  perchloric  aciJ  have 

not  been  obtained. 

Hypocblorous  and  chloric  acids  are  produced  by  the  action  of 
chlorine  on  certain  metallic  oxides  in  presence  of  water;  bypo- 
chlorouB  and  chlorous  acids  also  by  direct  oxidation  of  hydrochloric 
acid.  Perchloric  acid  and  chlorine  t«troxide  result  from  the  decom- 
position of  chloric  acid, 

Hypochlorouji  Oxide,  Acid,  and  Salta.— The  oxide  Ij^  beat  pre> 
pared  by  the  action  of  chlorine  gas  upon  dry  mercuric  oxide.  This 
oxide,  prepared  by  precipitation,  and  dried  by  exposure  to  a  stn)n«{ 
heat,  is  introduced  into  a  glass  tube  kept  cool,  and  well-washed 
dry  chlorine  gaa  is  slowly  passed  over  it  Mercuric  chloride  (HgCM 
and  hypochlorous  oxide  are  thereby  fonned ;  the  latter  is  collecttKi 
by  displacement.  The  reaction  by  which  it  is  produced  is  repre- 
sented by  the  equation, 

2HgO  +  CI,  =  C1,0  +  HgClj . 

The  mercuric  chloride,  however,  does  not  remain  as  such  ;  it 
combines  with  another  portion  of  the  oxide  when  the  latter  is  in 
excess,  forming  a  peculiar  brown  compound,  an  ozychloride  of 
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mercury  HgCl3.HgO.  It  is  remarkable  tliat  the  crystalline  mer- 
curic oxide  prepared  by  calcining  the  nitrate,  or  by  the  direct  oxida- 
tion of  the  metal,  is  scarcely  acted  upon  by  chlorine  under  the  cir- 
cumstances described. 

Hypochlorous  oxide  is  a  pale-yellow  gaseous  body,  containing,  in 
every  two  measures,  two  measures  of  chlorine  and  one  of  oxygen, 
and  is  therefore  analogous  in  constitution  to  water.  It  explodes, 
although  with  no  great  violence,  by  slight  elevation  of  temperature. 
Its  odour  is  pecuUar,  and  quite  different  from  that  of  chlorine. 
When  the  flasK  or  bottle  in  which  the  gas  is  received  is  exposed  to 
artificial  cold  by  the  aid  of  a  mixture  of  ice  and  salt,  the  hypo- 
chlorous  oxide  condenses  to  a  deep-red  liquid,  slowly  soluble  in  water, 
and  very  subject  to  explosion. 

HypoMoTous  acid  is  produced  by  the  solution  of  hypochlorous 
oxide  in  water :  also  by  passing  air  saturated  with  hydrochloric 
acid  gas  through  a  solution  of  potassium  permanganate  acidulated 
with  nydrochloric  acid  and  heated  in  a  water-bath :  the  distillate  is 
a  solution  of  hypochlorous  acid,  formed  by  oxidation  of  the  hydro- 
chloric acid ;  thirdly,  by  decomposing  a  metallic  hypochlorite  with 
sulphuric  acid  or  other  oxacid ;  fourthly,  by  passing  chlorine  gas 
into  water  holding  in  suspension  a  solution  containing  metallic 
oxides,  hydroxides,  carbonates,  sulphates,  phosphates,  &c.,  the  most 
advantageous  for  the  purpose  being  mercuric  oxide,  or  calcium  car- 
bonate (chalk),  CaCOs,  the  products  in  this  case  being  carbon 
dioxide,  calcium  chloride,  and  nypochlorous  acid : 

CaCOa  -H  HjO  +  Q\  =  CO^  +  CaCl^  +  2HC10 . 

The  aqueous  solution  of  hypochlorous  acid  has  a  yellowish 
colour,  an  acid  taste,  and  a  characteristic  sweetish  smelL  The 
strong  acid  decomposes  rapidly  even  when  kept  in  ice.  The  dilute 
acid  is  more  stable,  but  is  decomposed  by  long  boiling  into  chloric 
acid,  water,  chlorine,  and  oxygen.  Hyorochloric  acia  decomposes 
it,  with  formation  of  chlorine  : 

HCIO  +  HCl  =  HjO  -H  Clj. 

It  is  a  very  powerful  bleaching  and  oxidising  agent,  converting 
many  of  the  elements — iodine,  selenium,  and  arsenic,  for  example — 
into  their  highest  oxides,  and  at  the  same  time  liberating  chlorine. 
Metallic  hypochlorites  may  be  obtained  in  the  pure  state  by  neu- 
tralising hypochlorous  acid  with  metallic  hydroxides,  such  as  those  of 
sodium,  calcium,  copper,  &c.;  but  they  are  usually  prepared  by 
passing  chlorine  gas  mto  solutions  of  alkalis  or  alkaline  carbonates, 
or  over  the  dry  hydroxides  of  the  earth-metals.  In  this  process  a 
metallic  chloride  is  formed  at  the  same  time.  With  dry  slaked 
lime,  for  example,  which  is  a  hydroxide  of  calcium,  CaH-Oj,  the  pro- 
ducts are  calcium  hypochlonte,  CaCl202»  calcium  chloride,  and 
water: 

2CaH,02  -H  CI4  -  CaCljO,  +  CaCl,  +  2H,0 . 

FOWNES. — VOL.  I.  N 
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The  uilto  thiu  obtained  eonstitate  the  bleaching  and  diainEeclang 
aelte  at  commeice.  Ther  will  be  mora  tailj  deacribed  under  the 
head  of  Calcium  Stdta. 

Ohloronn  Oxide,  Aoid,  and  S«lt«. — The  oxide  ie  prepared  bf 
heating  in  a  flask  filled  to  tne  neck,  a  miztnre  of  four  p^ts  of  potaa- 
Biura  chlorate  and  3  parts  of  areenioos  oxide  vim  12  parta  of 
nitric  acid  previoUBly  diluted  with  4  parts  of  water.  During  the 
operation,  which  mnat  be  performed  m  a  wateisbath,  a  greenish- 
jeLlow  gas  is  evolved,  which  is  permanent  in  a  freezing  mixtnie 
of  ice  and  salt,  bat  liqnefiaUe  by  eitreme  cold.  It  disrolves  feeely 
in  water  and  in  alkaline  aolntionB,  forming  chlorous  add  and 
metallic  chlorites.    Tlie  reaction  hj  which  chlorous  oxide  is  formed 


le  depnv 

add  of  part  of  its  oi7gen,redndnfi  it  to  nitrous  ac^  which  is  then 
reoxidieed  at  the  expense  of  the  chloric  acid,  reducing  it  to  chlorona 


Chlorous  Add  may  be  prepared  by  condentiinB  chlorous  oxide  in 
water,  or  by  decompnaing  a  metallic  chlorite  with  dilute  nulphuric 
or  pboRphoric  ncid.  It«  conceuliated  solution  is  a  (.Tcenish^ri-'llow 
liquid  having  stronfi  bleaching  and  oxidising  properties.  It  does 
not  decompose  carbonates,  but  acts  strongly  with  caustic  alkalis 
and  earths  to  form  chlorites. 

Chlorine  Tetroxide,  CI5O.. — When  potassium  chlorate  is  made 
into  a  jnaate  with  concentrated  sulphurit:  acid,  and  cooled,  and  this 
paste  IS  very  cautiously  heated  by  warm  water  in  a  small  glass 
retort,  a  deep  yellow  cas  is  evolved,  which  is  the  biidy  in  question ; 
it  can  be  collected  only  by  displacement,  since  mercury  decomposes 
and  water  absorbs  it. 

Chlorine  tetroxide  has  a  powerful  odour,  quite  different  from 
that  of  the  preceding  compounds,  and  of  chlorine  itself.  It  is 
exceedingly  ex])Iosive,  being  resolved  with  violence  into  its  elements 
b^  a  temperature  short  of  the  boiling  point  of  water.  Its  prepara- 
tion is,  therefore,  always  attended  W'ith  danger,  and  should  be 
performed  only  on  a  small  scale.     It  is  composed  by  1 


"S"; 


The  euditorine  of  Davy,  prepared  by  gently  heating  potassium 
chlorate  with  dilute  hydrochloric  acid,  is  probably  a  mixture  of 
chlorine  tetroxide  and  fi:'ee  chlorine. 

The  production  of  chlorine  tetroxide  from  potaijsiuni  chlorate 
and  sulphuric  add  depends  upon  the  spontaneous  splitting  of  the 
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chloric  acid  into  chlorine  tetroxide  and  perchloric  acid,  which 
latter  remains  as  a  potassium  salt 

6KCIO3  +  3H^04  =  SCljO^  +  2Ha04  +  3K^04  +  2HjO. 

Potassinm  Hydrogen  Hydrogen       Potassinm 

chJorate.  iniphate.  perchlorate.       sulphate. 

When  a  mixture  of  potassium  chlorate  and  sugar  is  touched  with 
a  drop  of  oil  of  vitriol,  it  is  instantly  set  on  lire,  the  chlorine 
tetroxide  disengaged  being  decomposed  by  the  combustible  substance 
with  such  violence  as  to  cause  inflammation.  If  crystals  of  potas- 
sium chlorate  be  thrown  into  a  glass  of  water,  a  few  small  fragments 
of  phosphorus  added,  and  then  oil  of  vitriol  poured  down  a  nar- 
row funnel  reaching  to  the  bottom  of  the  glass,  the  phosphorus 
will  bum  beneath  the  surfEu^e  of  the  water,  by  the  assistance  of  the 
oxygen  of  the  chlorine  tetroxide  disengaged.  The  liquid  at  the 
same  time  becomes  yellow,  and  acquires  the  odour  of  that  gas. 

Ohloric  Acid,  HCIO3. — This  is  the  most  important  compound  of 
the  series.  When  chlorine  is  passed  to  saturation  into  a  moderately 
strong  hot  solution  of  potassium  hydroxide  or  carbonate,  and  the 
liquid  concentrated  by  evaporation,  it  yields,  on  cooling,  nat  tabular 
crystals  of  a  colourless  salt,  consisting  of  potassium  cmorate.  The 
mother-liquor  contains  potassium  chloride : 


3KjO     + 

Cla 

=   5Ka   +   KC1O3 

Potaminm 

Potasslnm           Potaasinm 

oxide. 

chloride.            chlorate. 

From  potassium  chlorate,  chloric  acid  ma^  be  obtained  by  boil- 
ing the  salt  with  a  solution  of  hydrofluosilicic  acid,  which  forms' an 
almost  insoluble  potassium  salt,  decanting  the  clear  liquid,  and 
digesting  it  with  a  little  silica,  which  removes  the  excess  of  the 
hydrofluosilicic  acid.    Filtration  through  paper  must  be  avoided. 

By  cautious  evaporation,  the  acid  may  be  so  far  concentrated  as 
to  assume  a  syrupy  consistence ;  it  is  then  very  easily  decomposed. 
It  sometimes  sets  fire  to  paper,  or  other  dry  oivanic  matt.er,  in  con- 
sequence of  the  facility  with  which  it  is  deoxi£sed  by  combustible 
booies. 

The  chlorates  are  easily  reco^ised;  they  give  no  precipitate 
when  in  solution  with  silver  mtrate;  they  evolve  pure  oxygen 
when  heated,  passing  thereby  into  chlorides ;  and  they^  afford,  when 
treated  with  sulphuric  acid,  the  characteristic  explosive  yellow  ^as 
already  describeo.  The  dilute  solution  of  the  acid  has  no  bleachmg 
power.  ' 

Perchloric  Acid,  HCIO4. — When  powdered  potassium  chlorate  is 
thrown  by  small  portions  at  a  time  mto  hot  mtric  acid,  a  change 
takes  place  of  the  same  description  as  that  which  hap{>ens  when 
sulphuric  acid  is  used,  but  with  this  important  difference,  that  the 
chlorine  and  oxygen,  instead  of  being;  evolved  in  a  dangerous  state 
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of  combination,  ere  emitted  in  a  state  of  mtxtare.  The  lesult  of 
the  action  ia  a  mixture  of  potosHiuni  nitrate  and  nemhlorale, 
vliiclt  may  be  readily  sepanited  bj  their  dilTereiice  of  solubility. 

Perobloric  acid  is  obtained  by  distUling  potassium  perchlorate 
with  Bulphuric  add.  Pure  perchloric  acid  ia  a.  colourleas  liquid,  of 
1'782  en.  gr.  at  15'&°,  not  solidifying  at  —  36°;  it  aoon  li«comea 
coloured,  even  if  kept  in  the  dark,  ana  after  a  (en  weekti  decoiupneei 
with  explomiin.  The  vapour  of  i*rchloric  acid  is  Iranswarent  and 
colourleea:  in  contact  with  moist  nir,  it  prod  in  i«  ili'ii*  «Ti[ii-  fuiin-s. 
The  acid,  when  c«uli.)U.>*l,v  niiseil  mlb  a  mij.lII  i|ii,LiLtils  of  wiilir. 
Bolidifieg  to  a  cryrtailiDe  masB,  which  is  a  compound  of  perchloric 
acid  with  one  mol«nle  of  water,  HG10,+H,O.  When  brought 
in  contact  with  carbon,  ether,  or  other  organic  iubetonces,  perchloric 
acid  explodes  with  nearly  aa  much  violence  an  ohloiide  of  nitrogen. 

Gomponnd  of  Ohlorin*  and  Nitrogan|  NCI^ — When  sal-am- 
moniac or  ammonia  nitrate  is  dissolved  in  water,  and  a  jar  of 
chlorine  inverted  in  the  solntion,  the  gas  is  absorbed,  and  a  deep 
yellow  oilv  liquid  is  obeerred  to  collect  upon  the  sur&ce  of  the 
solution,  ultinmtely  sinking  in  globules  t«  the  bottjim.  This  is 
nitrc^n  chloride,  one  of  the  most  dangerously  exploBive  Bul)8t9iice9 
known.  The  following  ia  the  safest  method  of  conducting  the 
experiment ; — 

A  somewhat  dilute  and  tepid  solution  of  pure  sal-ammoniac  in 
distilled  water  is  poured  into  a  clean  basin,  and  a  bottle  of  chlorine, 
the  neck  of  which  is  quite  free  from  grease,  inverted  in  it.  A 
shallow  and  heavy  leaden  cup  is  placed  beneath  the  mouth  of  the 
bottle  to  collect  the  product.  When  enough  has  been  obtained, 
the  leaden  vessel  may  be  withdrawn  with  its  dangtrotis  contents, 
the  chloride  remaining  covered  with  a  stratum  of  water.  The 
operator  should  protect  his  face  with  a  strong  wire-ganze  mftsk 
when  experimentmc  upon  this  substance. 

The  change  may  oe  explained  by  the  equation — 

NH,C1   +   601   =   NCI3  +   4HC1. 

Nitrogen  chloride  is  very  volatile,  and  its  vapour  is  exceedingly 
irritatinK  to  the  eyes.  It  has  a  specific  gravity  of  1-653.  It  may 
be  distilled  at  71°,  although  the  experiment  is  attended  with  great 
danger.  Between  93°  and  105"  it  explodes  with  the  most  fearful 
violence.  Contact  with  almost  any  combustilile  matter,  as  oil  or  fit 
of  any  kind,  detennines  the  explosion  at  common  temperatures  :  a 
vessel  of  porcelain,  glass,  or  even  ot  cast-iron,  is  broken  to  pieces, 
and  the  leaden  cup  receives  a  deep  indentation.  This  body  has 
usually  been  supposed  to  contain  nitrogen  and  chlorine  in  the  }>ro- 
portion  of  14  parts  of  the  former  to  106-5  parts  of  the  latter,  but 
recent  experiments  upon  the  corresponding  iodine  compound  (p.  201) 
induce  a  belief  that  it  contains  hydrogen.* 

•  Instead  ot  NOfc  it  may  in  italUy  be  NHCl^  or  NH.Cl. 
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.  Chlorine  and  Carboz^. — Several  compounds  of  chlorine  and  car- 
bon are  known,  namely,  CjCl^,  C2CI4,  CjCl^  and  CCI4.  They  are 
obtained  indirectly  by  the  action  of  chlorine  upon  certain  organic 
compounds,  and  will  be  described  under  Organic  Chemistry. 

The  Oxuchloride  of  Carbon,  COClj,  called  ako  Carbonyl  Chioride  and 
Phosgene,  has  been  already  mentioned  (p.  172). 


BBOMINE. 


Atomic  weight,  80.     Symbol,  Br. 

Bromine*  was  discovered  by  Balard  in  1826.  It  is  found  in  sea- 
water,  and  is  a  frequent  constituent  of  saline  springs,  chiefly  as 
magnesium  bromide  :  a  celebrated  spring  of  the  kind  exists  near 
Kreuznach,  in  Prussia.  Bromine  may  be  obtained  pure  by  the 
following  process,  which  depends  upon  the  fact  that  ether,  agitated 
with  an  aqueous  solution  ol  bromine,  removes  the  greater  part  of 
that  substance. 

The  mother-liquor,  from  which  the  less  soluble  salts  have  sepa- 
rated by  crystallisation,  is  exposed  to  a  stream  of  chlorine,  and  then 
shaken  up  with  ether ;  the  chlorine  decomposes  the  magnesium 
bromide,  and  the  ether  dissolves  the  bromme  thus  set  free.  On 
standing,  the  ethereal  solution,  having  a  fine  red  colour,  separates, 
and  may  be  removed  by  a  funnel  or  pipette.  Caustic  potash  is 
then  added  in  excess,  and  heat  applied ;  oromide  and  bromate  of 
potassium  are  formed.  The  solution  is  evaporated  to  dryness,  and 
the  saline  matter,  after  ignition  to  redness  to  decompose  the  bromate, 
is  heated  in  a  small  retort  with  manganese  dioxioe  and  stdphuric 
acid  diluted  with  a  little  water,  the  neck  of  the  retort  being  plunged 
into  cold  water.  The  bromine  volatilises  in  the  form  of  a  deep  red 
vapour,  which  condenses  into  drops  beneath  the  liquid. 

Bromine  is  at  common  temperatures  a  thin  red  liquid  of  an 
exceedingly  intense  colour,  and  very  volatile;  it  freezes  at  about 
- 24-5  and  boils  at  63°.  The  density  of  the  liquid  is  2976,  and 
that  of  the  vapour  6-54  compared  with  air,  and  80  compared  with 
hydrogen.  The  odour  of  bromine  is  very  suffocating  and  offensive, 
much  resembling  that  of  iodine,  but  more  disagreeable.  It  is 
slightly  soluble  in  water,  more  freely  in  alcohol,  and  most 
abundantly  in  ether.    The  aqueous  solution  bleaches. 

Hydrogren  Bromide,  or  Hydrobromic  Acid,  HBr. — This  sub- 
stance bears  the  closest  resemblance  to  hydriodic  acid :  it  has  the 
same  constitution  by  volume,  very  nearly  the  same  properties, 
and  may  be  prepared  by  means  exactly  similar,  substituting  the 
one  body  for  the  other  (see  page  199).     The  solution  of  hydro- 

*  From  fipwmot,  a  noisome  smeU. 


bromic  acid  has  also  the  power  of  diBBolving  a  large  qoastitT  of 
bromitie,  thereby  acquiring  a  red  tint.  Hydrobromic  acid  contains 
by  wt-ight  80  porta  bromine  and  1  jiart  liydrogen. 

Bromio  Acid,  HBrOf — Cftnatic  aUuitifl  in  presence  of  bmmina 
nndei^o  the  Bome  change  u  witli  chlorine,  a  metallic  Inomida 
and  bromate  b^g  prtMliiced;  theee  majr  be  sepanted  hj  the 
inferior  solubility  of  the  latter.  Bromic  add,  obtained  from 
barium  bromat^  closely  resemblee  chloric  add ;  it  is  easily 
decomposed.  The  hmmates,  when  heated,  loee  oxygen  and  ba> 
come  bromides. 

A  bypobromouB  acid  conesponding  vith  hypochloroos  acid  is 
like  wise  known. 


Atomic  weight,  127.  Symbd,  I. 
This  element  was  first  notii«d  in  1812  by  M.  Courtflis,  of  Paris. 
Minut*  traces  are  found  in  combination  inth  sndium  or  ^otansiutn 
in  sea-water,  and  occaaionally  a  much  laiger  proportion  in  that  of 
certain  mineral  springs.  It  seems  to  be  m  some  way  beneficial  to 
many  marine  plants,  as  theBe  latt«r  have  the  power  of  abstracting 
it  from  the  surrounding  water,  and  accumulating  it  in  their  tissui?^ 
It  is  from  this  source  tliat  all  the  iodine  of  commerce  is  derived. 
It  has  lately  been  found  in  minute  quantity  in  some  aluminous 
slates  of  Sweden,  and  in  several  varieties  of  eoal  and  turf. 

Kelp,  or  the  half-vitrified  ashes  of  sea-weeds,  prepared  by  the 
inhabitants  of  the  Western  Islands  and  the  northern  shores  of 
Scotland  and  Ireland,  is  treated  with  water,  and  the  solution 
filtered.  The  liquid  is  then  concentrated  by  evaporation  until  it 
is  reduced  to  a  very  small  volume,  the  sodium  chloride,  sodium 
carbonate,  potassium  chloride,  and  otiier  salts  being  removed  aa 
they  successively  crystallise.  The  dark-brown  mother-liquor  left 
contains  very  nearly  the  whole  of  the  iodine,  as  iodide  of  sodium, 
magnesium,  &c.:  this  is  mixed  with  sulphuric  acid  and  manganese 
dioxide,  and  gently  heated  in  a  leaden  retort,  when  the  iodine 
distils  over  and  condenses  in  the  receiver.  The  theory  of  the 
operation  is  exactly  analogous  to  that  of  the  preparation  of  chlorine 
(p.  187);  in  practice,  however,  it  requires  careful  management, 
otherwise  the  impurities  present  in  the  solution  interfere  with  the 
general  result : 

MnOj  +  SKI  +  SH^O,  =  SHfi  +  KjSOj    +  MnSO,  +  I,. 

The  manganese  is  not  absolutely  necessary :  potassium  or  soiliuni 
iodide,  heated  with  an  excess  of  sulphuric  acid,  evolves  iodine. 
■  This  effect  is  due  to  a  secondary  action  between  the  hydriodic 
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add  first  produced  and  the  excess  of  the  sulphuric  acid,  in  which 
both  suffer  decomposition,  yielding  iodine,  water,  and  sulphurous  acid. 

Iodine  crystallises  in  plates  or  scales  of  a  bluish-olack  colour 
and  imperfect  metallic  lustre,  resembling  that  of  plumbago:  the 
crystals  are  sometimes  very  large  and  brilSant.  Its  density  is  4*948. 
It  melts  at  107%  and  boils  at  175°,  the  vapour  having  an  exceedingly 
beautiful  violet  colour*  It  is  slowly  volatile,  however, at  common 
temperatures,  and  exhales  an  odour  much  resembling  that  of  chlorine. 
The  density  of  the  vapour  is  8*716  compared  with  air,  127  compared 
with  hydrogen.  lodme  requires  for  solution  about  7000  ni^  of 
water,  which  nevertheless  acquires  a  brown  colour ;  in  alconol  it  is 
much  more  freely  soluble.  Solutions  of  hydriodic  acid  and  the 
iodides  of  the  alkali-metals  also  dissolve  a  large  quantity:  these 
solutions  are  not  decomposed  by  water,  which  is  the  case  with  the 
alcoholic  tincture. 

Iodine  stains  the  skin,  but  not  permanently ;  it  has  a  very  ener- 
getic action  upon  the  animal  system,  and  is  much  used  in  medicine. 

One  of  the  most  characteristic  properties  of  iodine  is  the  production 
of  a  splendid  blue  colour  by  contact  with  starch.  The  iodine  for 
this  purpose  must  be  free  or  uncombined.  It  is  easy,  however,  to 
make  the  test  available  for  the  purpose  of  recognising  the  presence 
of  the  element  in  question  when  a  soluble  iodioe  is  suspected ;  it  is 
only  necessary  to  aiad  a  very  small  quantity  of  chlorine- water,  when 
the  iodine,  being  displaced  from  combination,  becomes  capable  of 
acting  upon  the  starch. 

Hydrogen  Iodide,  or  Hydriodic  Acid,  HI. — The  simplest  pro- 
cess for  preparing  hydriodic  acid  gas  is  to  introduce  into  a  glass  tube, 
sealed  at  one  extremity,  a  little  iodine,  then  a  small  quantity  of 
roughly-powdered  glass  moistened  with 
water,  upon  this  a  few  fragments  of  J, 

phosphorus,  and  lastly  more  glass,  this  ^ 

order  of  iodine,  glass,  phosphorus,  glass, 
being  repeated  until  the  tube  is  half  or 
two-thirds  filled.  A  cork  and  narrow 
bent  tube  are  then  fitted,  and  gentle 
heat  applied.  The  gas  is  best  collected 
by  displacement  of  air.  The  process 
depends  on  the  formation  of  an  iodide 
of  phosphorus  and  its  subsequent 
decomposition  by  water,  whereby 
hydrc^en  phosphite,  or  phosphorous 
acid,  H3PO,,  and  hydrc^en  ioaide  are 
produced :  P-  -h  I^  +  efijO  =  6HI  + 
2H0PO3.  The  glass  merely  serves  to 
moaerate  the  violence  of  the  action  of 
the  iodine  upon  the  phosphorus. 

Hydriodic  acid  gas  greatly  resembles  the  corresponding  chlorine 

^  Whence  the  name,  from  Imdrih  violet-coloored. 


cotnpoiiiid ;  it  ia  coIonrleM,  and  higUy  acid ;  it  fmnea  in  the  air, 
and  ia  very  soluble  in  water.  Ita  demit]'  ia  about  ^'4  compared 
with  air,  64  compared  with  hydniBeij,  By  weight,  it  is  composed 
of  IS?  partf  iodine  and  I  part  hydrogen;  and  hy  measure  of 
equal  voLuniea  of  iodine  vapour  and  fay&igen  unitea  without  con' 
doQsation. 

Solution  of  hydriodic  acid  may  be  prepared  by  a  process  moch 
less  ti-oublesome  than  the  above.  Iodine  iji  fine  powderiB  BUBpeuded 
in  wafer,  and  a  atream  of  washed  hydrwen  sulphide  parsed  through 
the  mixture ;  sulphur  is  deposited,  and  the  iodine  converted  iuto 
hydri(Hiic  acid.  When  the  hquid  has  become  colourleas,  it  ia  heated, 
to  expel  the  excess  of  hydri^n  sulphide,  and  filtered.  The  solution 
cannot  be  kept  Iouk,  especially  if  it  be  concentrated ;  the  oxygen 
of  tlio  air  grailually  dttompoees  the  hydriodic  aoid,  and  iodine  is  set 
free,  which,  dissolving  in  the  remainder,  communicates  to  it  a  brown 
colour. 


Gmifoitndt  ofladin*  atnd  Owj/gm. 

The  moat  important  of  these  are  the  iodic  and  periodic  oxides. 

in  by  •ilithl. 


Both  these  are  acid  oxides,  uniting  with  water  and  metallic  oiide^ 
and  forming  salts  called  iodates  and  periodates. 


prepared  by  the  direct  oxidation  of  iodine  with  nitric  b 
specific  gravity  l-b.  Fivepartsof  dry  iodine  with  200  parts  of  nitric 
acid  are  liept  at  a  boiling  temperature  for  several  houn,  or  until 
lie  iodine  has  disappeared.  The  solution  is  then  cautiously  dis- 
tilled to  dryness,  and  the  residue  dissolved  in  water  and  made  to 
crystallise. 

IimHc  acid  is  a  very  soluble  substance,  crystallising  in  colour- 
less six-sided  tables.  At  107°  it  is  resolved  into  .water  and  iodio 
oxide,  which  forms  tabular  rhombic  ciystals,  and  when  heated  to 
the  temperature  of  boiling  olive  oil,  is  conjpletely  resolved  into 
iodine  and  oxygen.  The  solution  of  iodic  acid  is  readily  deoxidised 
by  sulphurous  acid.  The  iodates  much  resemble  the  ehlorutes  : 
that  of  potassium  is  decomposed  by  heat  into  polassium  iodide  ond 
oxy^n  gas, 

.Hydrogen  Periodate,  or  Periodic  Acid,  HjO.I,Oj,  or  HIO,.— 
When  solution  of  sodium  iodate  is  mixed  with  caustic  sodo,  and  a 
current  of  chlorine  passed  through  the  liquid,  two  salts  are  formed — 
namely,  sodium  chloride  and  a  sparingly  soluble  compound  of  sodium 
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iperiodate  with  sodium  hydroxide  and  water,  NalOi.NaHO.HjO,  or 
N^agHjIOo,  the  reaction  taking  place  as  represented  by  the  equation — 

NalOs  +  3NaH0  +  CI,  =  2NaCl  +  NajHsIOe. 

This  sodium  salt  is  separated,  converted  into  a  silver-salt,  and 
dissolved  in  nitric  acid:  the  solution  yields,  on  evaporation, 
crystals  of  yellow  silver  periodate,  from  which  the  acid  may  be 
separated  by  the  action  of  water,  which  resolves  the  salt  into  free 
acid  and  an  insoluble  basic  periodate. 

Periodic  acid  crvstallises  from  its  aqueous  solution  in  deliques- 
cent oblique  rhombic  prisms,  which  melt  at  130°,  and  are  resolved 
at  170°  into  water  and  a  white  mass  of  periodic  oxide,  which  at 
180°  or  190°  gives  off  oxygen  with  great  rapidity,  and  leaves  iodic 
oxide. 

The  solution  of  periodic  acid  is  reduced  by  many  organic  sub- 
stances, and  instantly  by  hvdrochloric  acid,  sulphurous  acid,  and 
hydrogen  sulphide.  With  hydrochloric  acid  it  forms  water,  iodine 
chloride,  and  free  chlorine.  The  metallic  periodates  are  resolved 
by  heat  into  oxygen  and  metallic  iodide. 

Compoundfl  of  Iodine  and  Nitrogen. — ^When  finely  powdered 
iodine  is  put  into  caustic  ammonia,  it  is  in  part  dissolved,  giving 
a  deep-brown  solution,  and  the  residue  is  converted  into  a  black 
powder,  called  nitrogen  iodide,  NI3.  The  brown  liquid  consists 
of  hydriodic  acid  holdmg  iodine  in  solution,  and  is  easily  separated 
from  the  solid  product  oy  a  filter.  The  latter,  while  still  wet,  is 
distributed  in  small  quantities  upon  separate  pieces  of  bibulous 
paper,  and  left  to  dry  in  the  air. 

Nitrogen  iodide  is  a  black  insoluble  powder,  which,  when  dry, 
explodes  with  the  slightest  touch — even  that  of  a  feather — and 
sometimes  without  any  obvious  cause.  The  explosion  is,  however, 
not  nearly  so  violent  as  that  of  nitrogen  chlonde,  and  is  attended 
with  the  production  of  violet  fumes  of  iodine.  According  to  Dr. 
Gladstone,  this  substance  contains  hydrogen,  and  may  be  viewed  as 
NHlg,  that  is,  as  ammonia  in  which  two-thirds  of  the  hydro^n  are 
replaced  by  iodine.  According  to  the  researches  of  Bunsen,  it  must 
be  viewed  as  a  combination  of  nitrogen  tri-iodide  with  ammonia, 
Nl^.NHs.  It  appears,  however,  that  the  substance  called  nitrogen 
iodide  varies  in  composition.  Gladstone,  Iw  changing  the  mode  of 
preparation,  obtained  several  compounds  of  nitrogen  tri-iodide  with 
ammonia. 

Gompoundfl  of  Iodine  and  Chlorine. — Iodine  unites  directly 
with  chlorine,  forming  a  monochloride  and  a  trichloride.  There  is 
also  a  tetrachloride  produced  by  spontaneous  decomposition  of  the 
monochloride. 

The  fMmoMoride,  ICl,  is  obtained  by  passing  dry  chlorine  over 
iodine  till  the  whole  is  liquefied,  but  no  longer;  also  by  distilling 
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iodine  with  potaaotnm  cUomte,  oxjgea  being  then  evolved,  tha 
nionochloride  dlBtilliiiR  over,  and  a  mixture  of  chloride,  iodate,  and 
percLlorate  of  potaaaium  remuuing^Khind. 

I,  +  3KC10j  -  O,  +  ICl  +  KCl  +  KIO,  +  KCIO,. 

loJiue  monochloride  is  a.  reddish-brown  oily  liquid,  liaving  a 
Bufiocating  odour  and  astringent  taste;  soluble  in alwholaudetber; 
decomjjosed  bj  water,  with  formation  of  hydrochloric  and  iodic 
ftt'idB,  aud  neiiaratiou  of  iodine.  It  eonietimes  aolidifles  in  yellow 
needles.  SnlphuroOB  acid  and  hydrogen,  sulphide  decompose  it, 
with  sepatation  of  iodine;  with  ai^ueoua  solutions  of  alkalis,  it 
yields  a  chloride  and  an  iodate,  together  with  free  iodine;  Ihns, 
with  potash — 

61C1  +  6KH0  =  5Ka  +  KIOj  +  3HiO  +  I,. 

The  trichloride,  ICl  ,  ia  produced  by  treating  iodine  at  a  gentle 
heat  with  chlorine  in  eKceea.  It  crystallises  in  orange-yellow 
naeiUes ;  melts  at  20°  to  25",  giving  off  chlorine,  which  it  reabsorb* 
on  cooling;  acts  on  most  other  subatances  like  the  monochioride. 

In  contact  with  a.  small  quandl^  of  water  it  is  partly  resolved 
into  an  insoluble  yellowish  body  (probably  a  mixture  of  the  tri- 
chloride with  iodic  oxide^,  and  a  solution  containing  hydrochloric 
acid  and  the  raonochloriae — 

41013  +  &H,0  =  lOHCl  +  I,Oj  -I-  2ICI . 

A  large  quantity  of  water  dissolvea  it,  probably  without  decom- 
position, or  ])crhapa  as  a  mixture  of  hy<&ochlonc  and  iodic  acids 
containing  free  iodine — 

eiClj  +  9H,0  =  16HCI  -I-  3HI0g  +  I, . 

The  tetraehhiride,  ICL,  produced  by  spontaneous  decomposition 
of  tlie  monochloride,  4lCr  =  IC1(  -^  Ij,  crystallises  in  red  octo- 
hedrons. 


FLTTOBINE. 


Atomic  weight,  19.  Symbol,  F. 
Thib  element  has  never  been  isolated—  at  least,  in  a  state  fit  for 
examination ;  its  properties  are  consequently  in  (jreat  measure 
unknown :  but  from  the  observations  made,  it  ia  presumed  to  be 
gaseous,  and  to  possess  colour,  like  chlorine.  The  compounds 
containing  flnorine  can  be  eaaUy  decomposed,  aud  the  element 
transferred  from  one  body  to  another;  but  its  intense  chemical 
energies  towards  the  metals  and  towards  silicium,  a  component  of 
gloss,  have  hitherto  baffled  all  attempts  to  obtain  it  pure  in  the 
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Beparate  state.  As  calcium  fluoride,  it  exists  in  considerable  quan* 
titles  as  fluor-spar,  a  mineral  which  crystallises  in  fine  cubes  of 
various  colours,  and  in  small  (quantities  in  many  animal  substances, 
such  as  bones.  Several  chemists  have  endeavoured  to  obtain  it  by 
decomposing  silver  fluoride  by  means  of  chlorine  in  vessels  of 
fluor-spar,  but  even  these  experiments  have  not  led  to  a  decisive 
result. 


Hydrogen  Fluoride,  or  Hydrofluoric  Acid,  HF. — ^When  pow- 
dered calcium  fluoride  is  heated  with  concentrated  sulphuric  acid  in  a 
retort  of  platinum  or  lead  connected  with  a  carefully  cooled  receiver 
of  the  same  metal,  a  very  volatile  colourless  liquid  is  obtained, 
which  emits  copious  white  and  highly  suffocating  fumes  in  the  air. 
This  is  the  annydrous  acid,  not  however  quite  pure.  It  may  be 
obtained  in  a  state  of  perfect  purity  by  distilling  hydrogen-potas- 
sium fluoride,  HF.KF,  to  redness  in  a  platinum  vessel  As  thus 
prepared,  it  is  at  ordinary  temperatures  a  colourless,  transparent, 
mooile  liquid,  having  a  specific  gravity  of  0-9879  at  12*8®,  extremely 
volatile,  boiling  at  19*4°,  fumins  densely  at  ordinary  temperatures, 
and  absorbing  water  greedily  &om  the  air.*  It  contains  19  parts 
by  weight  of  fluorine  to  1  part  of  hydrogen. 

When  hydrofluoric  acid  is  put  into  water,  it  unites  with  the 
latter  with  great  violence ;  the  dilute  solution  attacks  glass  with 
great  facili^.  The  concentrated  acid,  dropped  upon  the  skin, 
occasions  deep  and  malignant  ulcers,  so  that  great  care  is  requisite 
in  its  management.  Hydrofluoric  acid  contains  19  parts  fluorine 
and  1  part  hydrogen. 

In  a  diluted  state,  this  acid  is  occasionally  used  in  the  analysis  of 
siliceous  minerals,  when  alkali  is  to  be  estimated ;  it  is  employed 
also  for  etching  on  glass,  for  which  purpose  the  acid  may  he  pre- 
pared in  vessels  of  lead,  that  metal  being  but  slowly  attacked  imder 
these  circumstances.  The  vapour  of  the  acid  is  also  very  advan- 
tageously applied  to  the  same  purpose  in  the  following  manner : — 
The  glass  to  oe  engraved  is  coated  with  etching-ground  or  wax,  and 
the  design  traced  in  the  usual  way  with  a  pointed  instrument.  A 
shallow  basin,  made  by  beating  up  a  piece  of  sheet-lead,  is  then  pre- 
pared, a  little  powdered  fluor-spar  placed  in  it,  and  enough  sulphuric 
acid  added  to  form  with  the  latter  a  thin  paste.  The  glass  is  placed 
upon  the  basin,  with  the  waxed  side  downwards,  and  gentle  heat 
applied  beneath,  which  speedily  disengagss  the  vapour  of  hydrofluoric 
acid.  In  a  very  few  mmutes  the  operation  is  complete  ;  the  glass 
is  then  removed,  and  cleaned  by  a  little  warm  oil  of  turpentine. 
When  the  experiment  is  successful,  the  lines  are  very  clean  and 
smooth. 

No  combination  of  fluorine  and  oxygen  has  yet  been  discovered. 

•  Gore,  Journal  of  the  Chemical  Society  [2],  IL  368. 


BULPHUB. 

Atomic  weight,  32.  Symbol,  S. 
Tu[6  ia  on  elementary  body  of  great  imporUmce  and  interest.  It 
is  oiWn  foirni!  in  the  free  Btatd  in  connection  vritli  depoaifa  of 
gypsum  Mid  rock-salt,  and  in  the  flsBiuea  of  volcanic  craters. 
Sicily  fnraisheB  a  large  proportion  of  the  sulphur  employed  in 
Europe.  Sulphur  also  occur*  abundantly  in  combination  with  iron 
and  other  mebils,  and  as  Balphuric  acid,  united  to  lime  and  ma^ne^ia. 
Pure  aulphiir  is  a  pale-yelluw  brittle  solid,  of  well-knovrn  apjKar- 
ance.  It  melts  when  heattd,  and  diBtils  over  unaltered,  if  air  be 
excluded.  The  cryatala  of  Bulphur  exhibit  two  distinct  and  incom- 
patible forms — namely,  first,  an  octohedron  with  rhombic  base 
(fig  120),  which  is  the  fignre  of  native  snJphnr,  and  that  aaeumed 
when  HiUphur  separatea  from  solution  at  common  tempemturea,  as 
when  a  solution  of  sulphur  in  carbuu  bisulphide  ib  exposed  to  alow 
evaporation  in  the  air;  and,  secondly,  a  lenctbened  prism  having 
no  relation  to  the  preceding;  this  happens  wlitn  a  mnss  of  uulphiir 
ia  melted,  and,  after  partial  cooling,  the  crust  on  the  surface  is 
broken,  and  the  fluid  portion  poured  out.  Fig.  121  shows  the 
result  of  such  an  experiment. 

Ftg.l!0. 


The  specific  gravity  of  snlphur  varies  according  to  the  form  in 
which  It  is  crystallised.  The  octohedral  variety  has  the  specific 
gravity  2-045;  the  prismatic  variety  the  specifio  gravity  1982. 

Sulphur  melts  at  Ul°  (at  114-5'',  accordiiij;  to  Broiiie);  at  this 
temperature  it  is  of  the  colour  of  amber,  and  thm  and  fluid  as  water ; 
when  further  heated,  it  begins  to  thicken,  and  to  acquire  a  deeper 
colour  ;  and  between  2S1°  and  249°  it  is  so  tenacious  that  the  vessel 
in  which  it  is  contained  may  be  inverted  for  a  moment  without  the 
loss  of  its  contenta  If  in  this  state  it  be  poured  into  water,  it 
retains  for  many  hours  a  remarkably  soft  and  flexible  condition, 
which  may  be  looked  upon  as  the  amorphous  state  of  sulphur. 
After  a  while  it  again  becomes  brittle  and  crystalline.     From  the 


temperatare    last-mentioned  to  the  boiling-point — about 
c  again  becomes  thin  and  liquid.      In  thi 


preparation  of 
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commercial  flowers  of  sulphur,  the  vapour  is  conducted  into  a  larce 
cold  chamber,  where  it  condenses  in  minute  crystals.  The  specihc 
gravity  of  sulphur  vapour  is  2*22  referred  to  that  of  air  as  unity,  or 
32  compared  with  that  of  hydrogen  (Deville). 

Sulpnur  is  insoluble  in  water  and  alcohol ;  oil  of  turpentine  and 
the  fat  oils  dissolve  it,  but  the  best  substance  for  the  purpose  is 
carbon  bisulphide.  In  its  chemical  relations  sulphur  bears  great 
resemblance  to  oxygen :  to  verv  many  oxides  there  are  correspond- 
ing sulphides,  and  the  sulphides  often  unite  among  themselves, 
forming  crystallisable  compounds  analogous  to  oxysalts. 

Sulpnur  is  remarkable  for  the  great  number  of  modifications 
which  it  is  capable  of  assimiing.  Of  these,  however,  there  are  two 
principal  well  characterised  varieties,  one  soluble,  and  the  other 
msoluole  in  carbon  bisulphide,  and  many  minor  modifications. 
The  soluble  varietv  is  distinguished  by  Berthelot  by  the  name  of 
electro-negative  sulphur,  because  it  is  the  form  which  appears  at  the 
positive  pole  of  the  voltaic  battery  during  the  decomposition  of  an 
aqueous  solution  of  hydrogen  sulphide,  and  is  separated  from  the 
combinations  of  sulpnur  with  the  electro-positive  metals.  The 
insoluble  variety  is  distinguished  as  electro-positive  sulphur,  because 
it  is  the  form  which  appears  at  the  negative  pole  during  the 
electro-decomposition  of  sulphurous  acid,  and  separates  from  com- 
pounds of  sulphur  with  the  electro-negative  elements,  chlorine^ 
oromine,  oxygen,  &c. 

The  principal  modifications  of  soluble  sulphur  are  the  octohedral 
and  pnsmatic  varieties  already  mentioned,  and  an  amorphous 
variety  which  is  precipitated  as  a  greenish-white  emulsion,  known 
as  milK  of  sulphur,  on  adding  an  acid  to  a  dilute  solution  of  an 
alkaline  polysulphide,  such,  mr  example,  as  is  obtained  by  boiling 
sulphur  with  muk  of  lime.    This  amorphous  sulphur  changes  by 


keeping  into  a  mass  of  minute  octohedral  crystals.  Sublimed 
sulphur  appears  also  to  be  allied  to  this  modification,  but  it  always 
contains  a  small  portion  of  one  of  the  insoluble  modifications. 

The  chief  modifications  of  insoluble  sulphur  are : — 1.  The  amor- 
phous insoluble  variety,  obtained  as  a  sort  magma  by  decomposing 
chlorine  bisulphide  with  water,  or  by  adding  dilute  hydrochloric 
acid  to  the  solution  of  a  thiosulpnate  (p.  212).  2.  The  plastic 
sulphur  already  mentioned  as  obtained  by  pouring  viscid  melted 
sulphur  into  water.  A  very  similar  variety  is  produced  by  boiling 
metallic  sulpliides  with  nitric  or  nitro-muriatic  acid. 

When  solutions  of  hydrogen  sulphide  and  ferric  chloride  are 
mixed  together,  a  blue  precipitate  is  sometimes  formed,  which  is 
said  to  be  a  peculiar  modification  of  sulphur. 


Compounds  of  Sulphur  and  Oxygen. 

There  are  two  oxides  of  sulphur,  whose  names  and  composition 
are  as  follows  : — 


Sulphur  trioxidn  or  Sulphnriciorido,      SO,    .         32      +       i8 

Both  these  oxidee  unite  with  water  and  metallic  oxides,  or  the 
elemeiita  thereof,  producing  salts ;  those  derived  from  aulphnTooa 
oxide  ant  cuUed  sulphites,  and  Ihoee  derived  from  sulphuric  acid, 
Biilph/ili-s.  Tliu  ooiapoaUuii.  of  tho  liydrofjon  salts  ox  ooids  is  a* 
follows  i^- 


+     tS     =     IS     +     64 


The  forainlBe  of  these  wada  aie — 

Sulphnroui  odd,  H^O,    =     HtO.SO, 

Sulphnrio  acid,     H^,    =    H.O.SO,  '^ 

The  replacement  of  half  or  the  whole  of  the  hydrt^n  by  metals 
gives  rise  U>  nietallie  sulphitea  and  sulphates. 

By  the  combination  of  sulphuric  oxide  with  aulphuric  acid  in  the 
proportion  of  SOj  to  HjSOj  (or  80  parts  by  weight  of  the  oxide  to 
98  of  the  acid)  an  acid  ia  formed  called  disulphuric  or  pyro- 
Bulphuric    acid,  having  the  composition  H^,^  *>^ 


There  are  also  several  acids  of  sulphur,  with  their  corresponding 
metallic  salts,  to  which  there  are  no  corresponding  anhydrous  oxidea, 
tiz.:— 

1,  Hijposulphvrmu  Acid,  H^0„  having  the  composition  of  Bul- 
phuious  acid  minus  one  atom  of  oxygen.     Its  composition  by  weight 


2.  Thioiulphurk  Acid,  HjSjO,,  haiitig  the  composition  of  sul- 

{hurie  acid  in  which  one-fourth  oil  the  oxygen  is  replaced  by  sulphur. 
ta  composition  by  weight  ia — 


Closely  allied  to  thia  acid  ia — 

3.  Seleniotiiiphuric  Add,  HiSSeOg,  having  the  composition  of 
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snlphuric  acid  in  whicli  one-fourth  of  the  oxygen  is  replaced  by 
selenium.     Its  composition  by  weight  if 


Hydrogen.    Solphnr. 

Oxygen. 

2       +       64 

+ 

96 

2       +       96 
2       +     128 
2       +     160 

+ 
+ 
+ 

96 
96 
96 

Hydrogen.    Solphnr.       Selenlnm.       Oxygen. 
2     +     32     +     79-4     +     48 

4  A  series  of  acids  called  Polythionic  Adds,*  in  which  the  same 
quantities  of  oxygen  and  hydrogen  are  united  with  quantities  of 
sulphur  in  the  proportion  of  the  numbers  2,  3,  4,  5,  viz : — 

Dithionic,  or  Hyposnl- )  w  8  0 

phuric  acid,                J  «  «  6 

Tnthionic  acid,         .        .  HjSjO^ 

Tetrathionic  acid,     .        .  H^^Oj 

Pentathionic  acid,     .  H^S^Og 

Bulphur  Dioxide,  or  Sulphurous  Oxide,  SO,. — This  is  the  only 
product-  of  the  combustion  of  sulphur  in  dry  air  or  oxygen  gas.  It 
IS  most  conveniently  prepared  dj  heating  sulphuric  acid  with 
metallic  mercury  or  copper  clippmgs.  A  portion  of  the  acid  is 
decomposed,  one-third  of  the  oxygen  of  the  sulphuric  oxide  being 
transferred  to  the  metal,  while  tne  sulphuric  oxide  is  reduced  to 
sulphurous  oxide  which  escapes  as  gas : 

2(HjO.S03)     +     Cu     «     CUO.SO3     +     2H2O     +     SOj. 

Solpliarlc  Copper 

add.  sulphate. 

Another  very  simple  method  of  preparing  sulphurous  oxide  con- 
sists in  heating  concentrated  sulphunc  acid  witn  sulphur;  a  very 
regular  evolution  of  sulphurous  oxide  ia  thus  obtained. 

Sulphurous  oxide  is  a  colourless  gas,  having  the  peculiar  suffo- 
cating odour  of  burning  brimstone;  it  instantly  extinguishes  flame, 
and  is  quite  irrespirable.  Its  density  is  2*21;  a  litre  weighs  2*8605 
grams ;  100  cubic  inches  weigh  68*69  grains.  At  0'  F.  (  - 17-8'*  C), 
under  the  ordinary  pressure  of  the  atmosphere,  this  gas  condenses 
to  a  colourless,  limpid  liquid,  very  expansible  by  heat.  Cold  water 
dissolves  more  than  thirty  times  its  volume  of  sulphurous  oxide. 
The  solution,  which  contains  hydrogen  sulphite  or  sulphurous  acid, 
may  be  kept  unchanged  so  long  as  air  is  excluded,  but  access  of 
oxygen  gradually  converts  the  sulphurous  into  sulphuric  acid, 
although  dry  sulphurous  oxide  and  oxygen  gases  may  remain  in  con- 
tact for  any  lengtn  of  time  without  change.  When  sulphurous  oxide 
and  aqueous  vapour  are  passed  into  a  vessel  cooled  to  below  17"  or 
21"  F.  (-8*3**  or  —6*  C),  a  crystalline  body  forms,  which  contains 
about  24*2  sulphurous  oxide  to  75*8  of  water. 

One  volume  of  sulphurous  oxide  gas  contains  one  volume  of 
oxygen  and  half  a  volume  of  sulphur  vapour,  condensed  into  one 
volume. 

*  From  voXv,  many,  and  Btiow,  snlphnr. 
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Snlphntoiu  oxide,  like  otfier  gaaeB  wHcli  ue  freely  soluble  in 
water,  must  be  collected  hj  displacement,  ot  hj  the  uae  of  tlie 
mercurial  pneumatic  trough.  The  iiianipal»tioti  with  the  Utter  i» 
exactly  the  sBine  in  principle  aa  with  fhe  oidinary  water  trough,  but 
rather  more  troublesome,  nom  the  ^reat  densi^  of  the  mercury,  and 
ita  opacity.  The  whole  ApponittiB  u  on  a  mnch  anuller  scale.  The 
trough  is  beat  constrnctedofhaid,  sound  wood,  and  bo  coutriTedaa  to 
economige  aa  much  as  poaeible  the  expennve  uc|uid  it  is  to  contain. 

Sul  phurous  acid  haa  bleaching  propeitiea ;  it  is  used  in  the  arta  for 
bleacUug  woollen  gooda  and  Btnw-plait.  A  piece  of  blue  litnuu- 
paper  plunged  into  the  moiat  gas  is  first  reddened  and  then  alowlf 
tilttached. 

The  Eulphitea  of  the  alalia  are  aolnble  and  dratalliaable ;  thej 
are  easily  formed  by  direct  combination.  The  sulphites  of  barinni, 
strontium,  and  cakium  are  insoluble  in  water,  but  soluble  iu  hydro- 
chloric add.  The  Htrongei  acids  decompose  them ;  nitric  acid  con- 
verts them  into  sulphates.  The  soluble  snlphitea  act  as  powers 
reducing  agents,  and  ore  much  -used  in  that  capacity  in  chemical 
analysis. 

Sulphurous  oxide  unites,  under  ^uliar  circumstances,  witli 
chlorine,  and  also  with  iodine,  formmg  compounds  which  have 
been  called  chloro-  and  iodo-aulphuric  acids.  They  are  detoiuposi^ 
by  water.  It  also  combines  with  dry  ammoniacal  gar:;  and  with 
nitric  oxide  in  presence  of  an  alkali. 

Sulphur  Trioxida,  or  Sulpbxiric  Oxide,  SO,  (also  called  Anhy- 
drous autphuric  add,  or  Sulp)iurK  anhydride). — This  connmund  may 
be  formed  directly  by  passing  a  dry  mixture  of  sulphurous  oxide  and 
oxygen  gases  over  heated  sjioi^y  platinum ;  or  it  may  be  obtained 
by  distillin;'  the  most  concentrated  sulphuric  acid  witli  jihosphoric 
oxide,  which  then  abstracts  the  water  and  sets  the  sulphuric  oxide 
free.  It  is  usually  prepared,  however,  from  the  fuming  oil  of  vitriol 
of  Nordhausen,  winch  may  be  regarded  as  a  solution  of  sulphuric 
oxide  in  sulphuric  acid.  On  gently  heating  thi»  lir^uid  in  a  retort 
connected  with  a  receiver  cooled  by  a  freezing  mixture,  the  sulphuric 
oxide  distils  over  in  great  abundance,  and  condenses  into  btautiful 
white  silky  crystals,  resembling  those  of  asbestos. 

Sulphuric  oside  is  also  produced  in  considerable  quaotity  by  the 
foUowine  process.  Vapour  of  ordinary  strong  sulphuric  acid  is 
passed  through  a  white-hot  platinum  tube,  whereby  it  is  almost 
completely  resolved  into  water,  oxygen,  and  sulphurous  oxide ; 

HjSOj  -   H,0   +   O   +   SOj. 

These  mixed  gases,  after  passing  througha  leaden  worm  to  condense 
the  greater  portion  of  the  water,  are  dehydrated  by  passing  tbme 
throi^h  a  leaden  tower  filled  with  coke,  over  which  a  stream  of 
concentrated  snlphuric  acid  is  allowed  to  trickle  ;  and  tinally,  the 
dry  mixture  of  oxygen  and  sulphurous  oxide  is  passed  through 
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platinum  tubes  heated  to  low  redness  and  containinj^  fragments  of 
platinised  pumice,  whereupon  they  recombine  to  ferm  sulphuric 
oxide,  which  is  condensed  in  a  series  of  Woulffe's  bottles.  This 
process  bids  fair  to  succeed  as  a  manufacturing  operation.^ 

Sulphuric  oxide,  when  thrown  into  water,  hisses  like  a  red-hot 
iron,  from  the  violence  with  which  combination  occurs :  the  product 
is  sulphuric  acid.  When  exposed  to  the  air,  even  for  a  few  moments, 
it  liquefies  by  absorption  of  moisture.  It  imites  with  ammoniacal  gas, 
forming  a  salt  called  ammonium  sulphamate,  the  nature  of  which 
will  be  explained  further  on. 

Sulphuric  oxide  is  susceptible  of  two  modifications  («  and  /3), 
differing  in  their  properties,  though  identical  in  composition. 
Bodies  thus  related  are  said  to  be  isomeric  (from  /^o;,  equal,  and 
^ipo^,  part).  There  are  but  few  examples  of  this  relation  amongst 
inorganic  compounds,  but  it  is  of  frequent  occurrence  in  organic 
chemistry.  The  «t-modification,  formed  by  cooling  the  bquid 
oxide,  solidifies  at  4-16°  in  long  colourless  prisms  which  melt 
at  the  same  temperature ;  it  boils  at  46°;  and  its  vapour  at  20° 
has  a  tension  represented  by  200  millimeters  of  mercury.  /3 — S^d- 
phuric  oxide  is  produced  from  the  ee-modification  at  tempera- 
tures below  25° ;  above  27°  the  transformation  does  not  go  on.  It 
forms  extremely  fine  white  needles ;  at  temperatures  above  60°  it 
gradually  liquenes  and  passes  into  the  first  modification.  Liquid 
sulphuric  oxide  undergoes  very  great  expansion  by  heat,  its  mean 
coefficient  of  expansion  between  25°  and  45°  being  0*0027  for 
1°  C,  that  is  to  say,  more  than  two- thirds  as  great  as  that  of 
gases.  The  two  modifications  differ  greatly  in  their  rela- 
tions to  solvents.  Liquid  sulphuric  oxide  mixes  in  all  pro- 
portions with  hvdroeen  sulphate,  HgSO^;  the  /3-oxide  dissolves 
in  sulphuric  acid  wiui  extreme  slowness,  and  gradu^ly  separates 
from  a  mixture  of  10  parts  S0«  and  1-2  parts  H2SO4.  With  a  larger 
proportion  of  the  acid,  no  solia  oxide  separates,  even  on  cooling  to  a 
low  temperature;  if  the  nroportion  of  acid,  II2SO4,  amounts  to 
5  parts  for  10  parts  of  oxiae,  the  mixture  may  oeposit  crystals  of 
pyrosulphuric  acid,  HgSjOy  or  H2SO4.SO3 . 

Sulphuric  Acid,  HjSO^. — The  preparation  of  this  important 
acid  depends  upon  the  fact  that,  when  sulphurous  oxide,  nitrogen 
tetroxide,  and  water  are  present  together  in  certain  proportions,  the 
sulphurous  oxide  becomes  oxidised  at  the  expense  of  the  nitrogen 
tetroxide,  which,  by  the  loss  of  one-half  of  its  oxygen,  sinks  to  the 
condition  of  nitrogen  dioxide.     The  operation  is  thus  conducted  : 

A  large  and  very  long  chamber  is  built  of  sheet-lead  supported 
by  timber  framing;  on  the  outside,  at  one  extremity,  a  small 
furnace  or  oven  is  constructed,  having  a  wide  tube  leading  into  the 
chamber.  In  this,  sulphur  is  kept  Duming,  the  flame  of  which 
heats  a  crucible  containing  a  mixture  of  nitre  and  oil  of  vitriol. 

♦  Messel  and  Squire,  Chemical  News,  1876,  i.  177. 
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A  Bhallonr  itiatam  of  water  occnpiea  the  floor  of  the  chamber,  snd  a 
jet  of  steam  is  also  mtrodncM.  Lastly,  an  exit  in  yiroviUed  at  the 
remote  end  of  the  chamber  far  the  epeat  and  nselaas  gases.  The 
effect  of  these  ammgements  is  t«  cause  a  coofitant  supply  of  aul- 
jiliuriras  oxide,  atmoniiheric  aiTj  nitric  acid  vartmr,  Mid  wai*r  in  the 
slate  of  ateam,  to  be  thrown  mto  the  chomfeer,  there  to  nui  and 
react  npon  each  other.  The  nitric  acid  immediately  gives  up  a 
part  of  ita  oxygen  to  the  Hulphurous  oxide,  and  is  itseli  reduced  to 
nitrogen  tetrozide,  N|0(  or  NOj;  it  does  not  remain  in  this  Btate, 
however,  but  auffers  further  deoiidation  untfl  it  becomes  reduced 
to  nitrogen  dioxide,  N5O,  ot  NO.  That  subslance,  in  contact  with 
free  oxygen,  abaorba  a.  portion  of  the  latter,  and  once  more  becomes 
tetroxiae,  which  is  again  destined  to  tmdergo  deoxidntion  by  a  fresh 
quantity  of  sulphurous  oxide.  A  very  «nal!  portion  of  nitrogen 
tetroxide,  mixed  with  atmospheric  air  and  sulphurous  oxide,  raar 
thus  iu  time  convert  an  indehnite  amotmt  of  the  lutter  into  sul- 
phuric acid,  by  acting  aa  a  kiad  of  carrier  between  the  oxygen  of 
the  air  and  the  sulphurous  oxide.  The  presence  of  water  is 
eaaentiol  to  this  leaction,  which  may  be  represented  by  the  equa- 

NO,  +  SO,  +  H,0  =  NO  +  H^O,. 

Such  is  the  simplest  view  that  can  be  taken  of  the  production  of 
sulphuric  acid  in  the  leaden  chamber ;  but  it  is  too  much  to  affirm 
that  it  is  strictly  true ;  the  reaction  may  be  more  complex.  When 
a  little  water  ia  put  at  the  bottom  of  a  large  glass  globe,  so  as 
to  maintain  a  certain  degree  of  humidity  in  the  air  within,  and 
sulphurouB  oxide  and  nitrogen  tetroxide  ate  introduced  by  separate 
tiibes,  aymptoma  of  chemical  action  become  immediately  evident, 
and  after  a  little  time  a  white  crystalline  matter  ia  oliaerved  to 
condense  on  the  aidea  of  the  vesseL  Thia  Bubatance  appears  to  be 
a  compound  of  sulphuric  acid,  uitcous  acid,  ami  a  little  water.* 
When  thrown  into  water,  it  is  resolved  into  sulphuric  acid,  nitrogen 
dioxide,  and  nitric  acid     This  curious  body  ia  certainly  very  oUen 

*  Oaultier  de  Claubr]i  assigned  to  tliie  eubstance  the  compoiHiaD  eipresawl 
by  the  formula  2(N,0,.2H,0,).6SO„  and  thia  view  has  geoerally  hflen  recaived 
by  recent  cheniioal  writers.  Da  la  Protostaye  has  since  ahown  that  a  com- 
pound poaseaain^  all  the  eaaential  propertiea  o(the  body  in  queation  may  be 
formed  b;  bria)^ii|;  to(;ether.  in  a  aealed  glasB  tube,  liquid  sulphnroua  oxide 
and  liquid  nitrogi'ii  tetroxide,  both  free  from  water.  The  white  cryatalline  solid 
soon  begins  to  fo  nil,  and  at  the  eipi  ration  of  tweBtyaiihonra  the  reaction  appean 
complete.  The  new  product  ia  accompanied  by  an  exceedingly  volatila 
greenish  liquid  having  the  characters  of  nitroiu  aciiL  The  while  auhatance, 
ou  soalyais,  wan  found  to  contain  tlie  elements  of  two  molecules  of  sulphuric 
oxide,  and  one  of  nitrous  oxide,  or  N,0,.2S0,.  De'ia  I'rovostaye  eiplaina  the 
anomalies  in  the  different  uialysea  of  the  leaden-ckambcr  product,  by 
showing  that  the  pure  substance  forms  cryatallisabie  combinations  with 
different  proportions  of  anlphuric  acid.  (Ann.  Chim.  Phys.  Ixxiii.  863.1 
See  also  Weber  (Jahreabericht  fiir  Cbemie,  1863,  p.  73S  ;  186G,  p.  93 ;  BulL 
Sod,  Chim.  da  Farli,  18S7,  i.  1». 
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produced  ui  large  quantity  in  the  leaden  chambers;  but  that  its 
production  is  indispensable  to  the  success  of  the  process,  and 
constant  when  the  operation  goes  on  well  and  the  nitrogen  tetroxide 
is  not  in  excess,  may  perhaps  admit  of  doubt. 

The  water  at  the  bottom  of  the  chamber  thus  becomes  loaded 
with  sulphuric  acid :  when  a  certain  degree  of  strength  has  been 
reached,  the  acid  is  drawn  off  and  concentrated  by  evaporation, 
first  in  leaden  pans,  and  afterwards  in  stills  of  platinum,  until  it 
attains  a  density  (when  cold)  of  1*84,  or  thereaoouts ;  it  is  then 
transferred  to  carboys,  or  large  glass  bottles  fitted  in  baskets,  for 
sale.  In  Great  Britain  this  manufacture  is  one  of  great  national 
importance,  and  is  carried  on  to  a  vast  extent. 

Sulphuric  acid  is  now  more  frecjuently  made  by  burning  iron 
pyrites,  or  poor  copper  ore,  or  zinc-blende,  instead  of  Sicilian 
sulphur:  as  thus  prepared  it  very  frequently  contains  arsenic,  from 
which  it  may  be  freea,  however,  by  heating  it  with  a  small  quantity 
of  sodium  chloride,  or  by  passing  through  the  heated  acid  a  current 
of  hydrochloric  acid  gas,  whereby  the  arsenic  is  volatilised  as  tri- 
chloride. 

Xhe  most  concentrated  sulphuric  acid,  or  oil  of  vitrioly  as  it  is  often 
called,  is  a  definite  combination  of  40  parts  sulphuric  oxide  and 
9  parts  of  water,  and  is  represented  by  the  formula,  HjO.SOg  or 
H2SO4.  It  is  a  colourless  oily  liquid,  having  a  specific  gravity  of 
about  1*86,  of  intensely  acid  taste  and  reaction.  Organic  matter  is 
rapidly  charred  and  destroyed  by  it  At  the  temperature  of-  26°  C. 
(-15*^  F.)  it  freezes;  at  327°  C.  (620°  F.)  it  boils,  and  may  be 
distilled  without  decomposition.  Oil  of  vitriol  has  a  most  energetic 
attraction  for  water ;  it  withdraws  aqueous  vapour  from  the  air,  and 
when  it  is  diluted  with  water,  great  heat  is  evolved,  so  that  the 
mixture  always  requires  to  be  made  with  caution.  Oil  of  vitriol  is 
not  the  only  hydrate  of  sulphuric  oxide ;  three  others  are  known  to 
exist.  When  the  fuming  od  of  vitriol  of  Nordhausen  is  exposed  to 
a  low  temperature,  a  white  crystalline  substance  separates,  which  is 
a  hydrate  containing  half  as  much  water  as  the  common  liquid  acid. 
Further,  a  mixture  of  98  parts  of  strong  liquid  acid  and  18  i>arts  of 
water,  2H,0.S0g  or  H^04.HjO,  congas  or  crystallises  at  a  tem- 
perature above  0°  C,  and  remains  solid  even  at  7*2°  C.  (46°  F.) 
l/astly,  when  a  very  dilute  acid  is  concentrated  by  evaporation  in  a 
vacuum  over  a  surwce  of  oil  of  vitriol,  the  evaporation  stops  when 
the  sulphuric  oxide  and  water  bear  to  each  other  the  proportion 
of  80  to  64,  answering  to  the  formula,  3H2O.SO3  or  RJSO4.2H2O. 

When  the  vapour  of  sulphuric  acid  is  passed  over  red-hot  platinum, 
it  is  decomposed  into  oxygen  and  sulphurous  acid.  St.  Claire 
Deville  and  Debray  have  recommended  tnis  process  for  the  prepara- 
tion of  oxygen  on  the  large  scale,  the  sulphurous  acid  being  easily 
separated  by  its  solubility  in  water  or  alkaline  solutions. 

Sulphuric  add  acts  readily  on  metallic  oxides ;  converting  them 
into  ffolphates.  It  also  decomposes  carbonates  with  the  greatest 
ease,  expelling  carbon  dioxide  with  effervescence.    With  the  aid 
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cif  heat  it  litewiw  decompoeec  all  other  salts  containing  odds  more 
volutile  than  iteelf.  The  sulphate  are  a  very  important  tlas*  of 
salts,  many  of  them  !)eing  extflnHively  used  in  the  arts.  Moat 
aulphatt^s  are  soluble  in  water,  Imt  they  bi%  all  insoluhle  in  alrohol. 
The  barimn,  calciani,  Btrontium,  and  lead  ealta  are  insoluble,  or 
\'erj-  fllinhtly  soluble,  in  water:  and  are  fonned  by  precipitating  a 
soluble  salt  of  either  of  those  melala  with  eulphiiric  acid,  or  it 
soluble  metallic  sulphate.  Badum  sulphate  is  qnil«  insoluble  in 
water :  consequently  sulphuric  acid,  or  its  soluble  salts,  may  be 
detefttd  with  the  greatest  eaae  by  solution  of  l>ftiium  nitrate  or 
chloride:  a  white  precipitate  is  thereby  formed  which  does  not  dis- 
Kolve  in  nitric  or  hydrochloric  acid. 

I>iBulpIiuric  or  FTTOOnlpliiiric  Aold,  HaS,0^  (also  called 
FumintjUjUpKurioAcidiaiii  Nortlhauien  SalpKurv:  Acid.j—ThiB  acid 
contains  the  elements  of  one  molecule  of  sulphuric  oxide,  and  one 
molecule  of  sulphuric  acid,  or  of  two  molecules  of  sulphuric  acid 
miiiiM  one  moieiule  of  wnter  : 

H^,Ot  -  S0t.HiS0t  -  2H^0,  -  H,0. 

It  may  be  obtained  of  definite  composition  and  in  the  crystalline 
form  by  adding  liquid  sulphuric  ojtide  to  strong  sulphuric  acid, in 
the  proportions  above  indicated.  The  resulting  crystals  melt  at 
35".  This  acid  was  originally  prepared  at  Nordnausen  in  Saxony 
from  an  impure  ferric  suiphate  obtained  by  eipoaing  ordinary 
ferrous  s^hate  (^reen  vitriol)  to  a  moderate  heat  in  contact  with 
the  air.  This  feme  sulphate  is  distilled  in  sulphur  retorts  arranged 
in  a  reverlteratory  furnace,  and  the  distillate,  consisting  chiefly  of 
sulphuric  oxide,  is  received  in  a  small  quantity  of  .water,  or  more 
fre<juently  in  ordinary  strong  sulphuric  acid.  A  brown  fumin;; 
liquid  is  thus  obtains!  which  a^es  nearly  in  composition  with  the 
formula  H^.O^,  has  a  specilic  gravity  of  I'D,  solidiliea  at  0°  to 
colourless  crystals,  and  is  resolved  at  a  gentle  heat  into  SOj  which 
distils  over,  and  H^O,  which  remains  behind. 

The  manufacture  of  fuming  sulphuric  acid  in  the  manner  just 
described  was  first  practised  at  Nonlhausen  in  Saxony,  and  appears 
to  have  been  known  since  the  fifteenth  century:  but  it  is  now 
carried  on  almost  exclusively  in  Bohemia.  An  easier  and  more  pro- 
ductive method  of  obtaining  the  sulphuric  oxide  required  for  its 
formation  is  that  of  Messel  and  Squire,  already  described  (p.  209.) 
Fuming  sulphuric  acid  was  until  lately  employed  only  for  dissolving 
indigo,  but  it  is  now  used  in  very  large  quantities  for  dissolving 
anthraqninone  for  the  manufacture  of  artilicial  alizarin.  (See  Oi^nic 
Chemisny). 

The  pyrosulphates,  that  of  potassium,  for  example,  which  has  the 
composition  KjSjO,,  or  KjSOj.SOj,  are  prepared  bv  the  action  of 
sulphuric  oxide  on  the  corresponding  sulphates.  When  strongly 
heated,  they  give  off  sulphuric  oxide,  and  are  converted  into  sul- 
phates. 
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HTposulphurous  Acid,  HjSOjCalso  called  Hydromlpkuroua  Acid), 
— This  acid  is  formed  by  the  action  of  zinc  on  an  aqueous  solution 
of  sulphurous  acid.  The  zinc  dissolves  without  evolution  of 
hydrogen,  merely  removing  an  atom  of  oxygen.  A  yellow  solution 
is  thereby  formed  which  possesses  much  greater  decolorising  power 
than  sulphurous  acid  itself,  and  quickly  reduces  the  metals  from 
salts  of  silver  and  mercury.  Tnis  solution  is,  however,  very 
unstable,  and  (juickly  loses  its  bleaching  power.  A  more  definite 
product  is  obtained  by  immersing  clippings  of  zinc  in  a  concentrated 
solution  of  acid  sodiimi  sulphite  KaHSCX,  contained  in  a  closed 
vessel,  whereby  sodium  hyposulphite,  Na^SOj,  and  zinc-sodium 
sulphite,  Na2Zn(S03)o,  are  produced,  the  latter  crystallising  out. 
To  isolate  the  hyposulphite,  the  liquid  is  decanted,  after  about  half 
an  hour,  into  a  flask  three-fourths  tilled  with  strong  alcohol,  and  the 
flask  is  sealed.  A  crystalline  precipitate  immediately  forms,  consist- 
ing for  the  most  part  of  zinc-sodium  sulphite,  while  nearly  all  the 
hyposulphite  remains  dissolved  in  the  alcohol.  The  solution, 
decanted  into  a  flask  quite  filled  with  it,  well  closed,  and  left  in  a 
cool  place,  solidifies  in  a  few  hours  to  a  mass  of  slender  colourless 
needles,  consisting  of  sodium  hyposulphite,  which  must  be 
quickly  pressed  between  folds  of  linen,  and  oried  in  a  vacuum,  as  it 
becomes  very  hot  if  exposed  to  the  air  in  the  moist  state  ;  when  dry, 
however,  it  is  not  affected  by  oxygen.  This  salt  is  very  soluble  in 
water,  soluble  also  in  dilute  alcohol,  the  solutions  exhibiting  all  the 
bleaching  and  reducing  properties  above  described.  The  crystals 
when  exposed  to  the  air  are  completely  converted  into  acid  sodium 
sulphite,  Na  HSO3.  By  heating  them  with  oxalic  acid,  hyposulphur- 
ous  acid  is  obtained,  as  a  deep  orange-coloured  strongly  bleaching 
liquid,  which  quickly  decomposes,  becoming  colourless,  and  deposit- 
ing sulphur.* 

Thiosulphuric  Acid,  H^SjOg  (formerlv  called  Hyposulphurous 
Acid), — By  digesting  sulphur  with  a  solution  of  potassium  or 
sodium  sulphite,  a  portion  of  that  substance  is  dissolved,  and  the 
liquid,  by  slow  evaporation,  furnishes  crystals  of  thiosulphate :  NagSOg 
-h  S='issi^fi^,  The  acid  itself  is  scarcely  known,  wr  it  cannot  be 
isolated ;  when  hvdrochloric  acid  is  added  to  a  solution  of  a  thio- 
sulphate, the  acid  of  the  latter  is  almost  instantly  resolved  into 
sulphur,  which  precipitates,  and  sulphurous  acid,  easily  recognised 
by  its  odour.  In  a  very  dilute  solution,  however,  it  appears  to 
remain  undecomposed  for  some  time.  The  alkaline  thiosulphates 
readily  dissolve  certain  salts  of  silver,  as  the  chloride,  which  are  in- 
soluble in  water — a  property  which  has  conferred  upon  them  a  con- 
siderable share  of  importance  in  relation  to  the  art  of  photography. 
They  are  also  much  used  as  antichlores  for  removing  the  last 
traces  of  chlorine  from  bleached  goods. 

Seleniosulphuric  Acid,  H^SeSOg. — This  acid,  having  the  com- 
♦  Schiitzenbei^ger,  Zeitchrift  ftir  Chemie,  1869,  p.  545. 
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piHJtioii  of  Butphuric  acid  in  which  1  atom  of  oxjrgen  is  replaced  Yij 

Belenium,  ia  formed  hy  direct  addition  of  eclenium  to  sulphurous 
acid.  When  selenium  is  digested  with  a  solutiaii  of  neutral  potu^ 
sium  sulphite,  .and  the  easily  decomposible  liquid,  after  bein^ 
Altereil  froiu  the  uelenium  which  tjeporates  on  cooling  and  dilution 
with  water,  is  left  to  evaponite  at  ordinary  temperatures,  there 
ciyatolliBVH  out,  flr»t  a  epariu^Iy  soluble  seleniferous  salt  in  email 
Bluning  priams,  afterwaida  a  much  more  soluble  salt,  which  is  the 
chief  product  of  the  reaction,  wiiile  the  eicess  of  sulphite  remains 
in  the  □)  other-liquor. 

The  more  soluble  seleniferous  salt  is  potassium  seleniosulphatf, 
K^eSOj.  It  is  likewise  formed,  together  with  thiosulphate.  when 
a  solution  of  potosaium  selenide  is  mixeil  with  sulphurouB  acid.  It 
crystallises  readilf,  even  &om  small  quantities  of  solution,  in  large, 
very  thin,  six-sided  tables  belonging  to  the  rhombic  system,  which 
dehquesce  in  moist  ail,  and  effloresce  with  partial  loss  of  water  ovi'.r 
oil  01  vitrioL  When  heated  they  turn  brown  and  yield  a  polysul- 
phide  of  potaasiam.  Water  separates  selenium  from  tbem,  and  the 
filtered  solution  yields  by  evaporation  ciystala  which  B^io  react  in 
the  same  way  with  water,  so  that,  by  repeated  crystaUisation,  the 
whole  of  the  iicleniipsulphate  may  lie  d(*i'Diii|'nsed  ;  the  li'[iiid  tbrn 
contiiiiis  si'lt'iiiiilnllii'iiiiilt.  Acnl*,  even  sulphurmis  iicid,  ihru"" 
down  the  whole  of  the  selenium  Irom  the  aqueous  solution ;  barium 
chloride  and  baryta- water  precipitate  barium  sulphite  and  selenium ; 
calcium  and  manganese  salts  give  rise  to  a  similar  decompositiou. 
With  ammoniacal  silver  solution  the  seleniosulphate  forms  a  preci- 
pitate of  silver  seleuide,  together  with  potassium  sulphate ; 

K,8eS0j  +  Ag,0  =  Ag.Se  +  K^O,. 

The  sulphites  of  sodium,  ammonium,  and  mamesinin  react  with 
selenium  in  the  same  manner  as  the  potassium  salt,  the  magnesium 
salt,  however,  very  elowly.  The  seleniosulphate s  of  sodium  and 
ammonium  are  very  unstable. 

Dithionio  or  HypoBulphturic  Acid,  H^jOp.— This  acid  is  pre- 
pared by  suspending  finely  divided  manganese  dioxide  in  water  artiti- 
cinlly  cooleii^and  then  transmitting  a  stream  of  sulphurous  acid  gas; 
the  dioxide  becomes  monoxide,  half  its  oxygen  converting  the  sul- 

Shurousintodithionicacid:  MnOj-|-2SO»=MnS20^-  Themanganese 
ithionate  tius  prepared  is  decomposed  by  a  solution  of  pure  barium 
hydrate,  and  the  barium  salt,  in  turn,  by  enough  sulphuric  acid  to 
precipitate  the  base.  The  solution  of  dithionic  acid  may  be  concen- 
trated by  evaporation  in  a  vacuum,  until  it  acquires  a  density  of 
raiT;  on  further  concentration,  it  decomposea  mto  sulphuric  and 
sulphurous  acids.  It  has  no  odour,  is  very  sour,  and  forms  soluble 
salts  wth  baiyto,  lime,  and  lend  oxide. 

Trithionic  Aoid,  H^SjOg. — A  substance  accidentally  formed  by 
Langlois,  in  the  preparation  of  potassium  thiosulphate,  by  gently 
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heating  with  Bulphur  a  solution  of  potassiam  carbonate  aatuiated 
with  sulphurous  add.  It  is  also  produced  by  the  action  of  sul- 
phurous oxide  on  potassium  thiosulphate :  2X2820.  +  3S0.  ■■ 
SEgSjOf  +  S.  Its  salts  bear  a  great  resemblance  to  those  of  thio- 
sulphunc  acid,  but  differ  completely  in  composition,  while  the  acid 
itself  IB  not  quite  so  prone  to  change.  It  is  obtained  by  decom- 
posing the  potassium  salt  with  hycLrofluosilicic  acid :  it  may  be 
concentrated  under  the  receiver  of  the  air-pump,  but  is  gradually 
decomposed  into  sulphur,  sulphurous  and  sulphuric  acids. 

Tetrathionic  Acid,  H^S^Og. — This  add  was  discovered  by  Fordoa 
and  Gelis.  When  iodine  is  added  to  a  solution  of  barium  thiosul- 
phate, a  large  quantity  of  that  substance  is  dissolved,  and  a  clear 
Colourless  solution  obtained,  which,  besides  barium  iodide,  contains 
barium  tetrathionate :  2BaS203+l2»BaL+BaS40^  By  suitable 
means,  the  acid  can  be  eliminated,  ana  obtained  in  a  state  of 
solution.  It  very  closely  resembles  dithionic  add.  The  same  add 
is  produced  by  the  action  of  sulphurous  add  on  chlorine  disulphide. 

Pentathionio  Acid,  H^gOj.— This  acid  was  discovered  by 
Wackenroder,  who  formed  it  by  the  action  of  hydrogen  sulphide 
on  sulphurous  acid:  6H28O3+6H2S  =  H2S60e4-9H,0+S8.  It 
is  colourless  and  inodorous,  of  acid  and  bitter  taste,  and  capable 
of  being  concentrated  to  a  considerable  extent  by  cautious  eva- 
poration. 

Under  the  influence  of  heat,  it  is  decomposed  into  sulphur, 
sulphurous,  and  sulphuric  acids,  and  hydrogen  sulphide.  The 
salts  of  pentathionic  acid  are  nearly  all  soluble.  The  barium  salt 
crvstallises  from  alcohol  in  square  prisms.  The  acid  is  also  formed 
when  lead  dithionate  is  decomposed  by  hydrogen  sulphide,  and 
when  chlorine  monosulphide  is  heated  with  sulphurous  acid. 

Sulphur  with  Hydrogen, 

Hydrogen  Monosulphide — SiUphydric  Add;  Hydrosulphuric 
Acid  I  Sulphuretted  Hydrogen,  HjS. — ^There  are  two  methods  by  which 
this  important  compound  can  be  readily  prepared,  namely,  by 
the  action  of  dilute  sulphuric  acid  upon  iron  monosulphide,  and 
by  the  decomposition  of  antimony  trisulphide  with  hydrocnloric 
acid.  The  first  method  yields  it  most  easily,  the  second  in  the 
purest  state. 

Iron  monosulphide  is  put  into  the  apparatus  for  hydrogen,  already 
several  times  mentioned,  together  with  water,  and  oil  of  vitriol  is 
added  by  the  funnel,  imtil  a  copious  disengagement  of  gas  takes 
place.  This  is  to  be  collected  over  tepid  water.  The  reaction  is 
thus  explained : — 

FeS     +     H0SO4    «     HjS     =     FeS04 

Fernms         Hyarogen  Hydrogen  Ferromi 

mlphlde.        salphAto.  snlpliide.  sulphatQ. 
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combustion  ensaes,  and  100  measures  of  sulphurous  oxide  gas 
aiepixKluced. 

Hydrogen  sulphide  is  a  frequent  product  of  the  putrefaction  of 
organic  matter,  both  animal  and  vegetable;  it  occurs  also  in  certain 
mmeral  springs,  as  at  Harrogate  and  elsewhere.  When  accidentally 

S resent  in  the  atmosphere  of  an  apartment,  it  may  be  instantaneously 
estroyed  by  a  small  quantity  of^chlorine  gas. 

There  are  few  re-agents  of  greater  value  to  the  practical  chemist 
than  this  substance :  when  brought  in  contact  with  many  metallic 
solutions,  it  gives  rise  to  precipitates,  which  are  often  exceedingly 
characteristic  in  appearance,  and  it  frequently  affords  the  means  of 
separating  metals  from  each  other  with  the  greatest  precision 
and  certamty.  These  precipitates  are  insoluble  sulphides,  formed 
by  the  mutual  decomposition  of  the  metallic  oxides  or  chlorides 
and  hydrogen  sulphide,  water  or  hydrochloric  acid  bein^  pro- 
duced at  the  same  time.  All  the  metals  are,  in  fact,  precipitated, 
whose  sulphides  are  insoluble  in  water  and  in  dilute  acids. 

Arsenic  and  cadmium  solutions  thus  treated  give  bright  yellow 
precipitates,  the  former  soluble,  the  latter  insoluble,  in  ammonium 
sulphide  :  1in-salt«  give  a  brown  or  a  yellow  precipitate,  according 
as  the  metal  is  in  the  form  of  a  stannous  or  a  stannic  salt ;  both 
soluble  in  ammonium  sulphide.  Antimony  solutions  give  an 
orange-red  precipitate,  soluble  in  ammoniimi  sulphide.  Copper, 
lead,  bismutii,  mercury,  and  silver  salts  give  dark-orown  or  black 
precipitates,  insoluble  in  ammoniimi  sulphide;  gold  and  platinum 
salts,  black  precipitates,  soluble  in  ammonium  sulphide. 

Hydrogen  sulphide  possesses  the  properties  of  an  acid:  its  solu- 
tion in  water  readens  litmus-paper. 

The  best  test  for  the  presence  of  this  compound  is  paper  wetted 
with  solution  of  lead  acetate.  This  salt  is  blackened  by  tne  smallest 
trace  of  the  gas. 

Hydrogen  Persulphide. — This  veiy  unstable  substance  is  pre- 
parea  by  the  following  means: — 

Equal  weights  of  slaked  lime  and  flowers  of  sulphur  are  boiled 
with  5  or  6  paxts  of  water  for  half  an  hour,  whereby  a  deep  orange- 
coloured  solution  is  produced,  containing  among  other  thmgs,  cal- 
cium disulphide.  Tnis  is  filtered,  and  slowly  added  to  an  excess 
of  dilute  sulphuric  acid,  with  constant  agitation.  A  wh ite  precipitate 
of  separated  sulphur  and  calcium  sulpnate  then  makes  its  appear- 
ance, together  with  a  quantity  of  yellow  oily-looking  matter,  which 
collects  at  the  bottom  of  the  vessel:  this  is  hydrogen  persulphide. 

This  compound  is  generally  regarded  as  a  disulphide  of  hydrogen, 
H^Sj,  analogous  to  the  dioxiae,  but  its  great  instability  prevents  the 
determination  of  its  composition  by  direct  analysis.  Hotmann,  how- 
ever, by  treating  strychnine  in  alcoholic  solution  with  ammoniimi 
sulphide  containing  free  sulphur,  has  obtained  an  orange-red  crystal- 
line compound,  CJ1H22N2O2.H2S.,  which  is  resolved  by  sulphuric 
acid  into  soluble  stiyclmine  smphate  and  a  yellow  oily  liquid 


218  SL'LrUL'R. 

resembling  the  persulphide  of  hydrogBJi  oblatniHl  as  ul")vi'.  Hence 
it  might  be  inferrerl  tlint  lliis  perenil^iide  U  really  a  BegqiiisulpUiJe 
HjS,;  bat  it  imgim  to  d<.>«ompoee  w  aoon  as  separated.*  Oa  the 
other  hand,  B.  Schniiilt,  by  treating  an  alcc^olic  w>lation  of 
■bychnine  with  sulphuretted  hydrogen,  has  obtained  a  compound 
containing  2C_HaNjOj.3H^  The  oompoBilion  ot  hydrogen^ 
Bulphide  mugt  thervfure  be  remrded  m  BtiQ  undecided. 

Hydrogen  pctBuliiiiide  dissolveB  phoaphorua  and  iodine,  fonnins 
>  paosphonia  aulpuide  and  hydrogen  iodido  respectively,  witA 
evolutionof  aulphuivtti^d  hydnwen.  With  chlorine  it  forms  hydro- 
chloric acid  and  »ulg>hur  cluori^,  Sfil  ^  Bromine  acta  in  a  similar 
manner.  Ammoniii,either  gaseoue  or  in  aqueoua  solutjun.decompoeea 
it  instantly,  leaving  sulphur  in  a  peculiarly  brittle,  blistered  state. 
It  is  remarkable  umt  eulphuroua  acid,  which  rapidly  decompueM 
hydrogen  monoi^ulpliide,  with  scpaiation  of  eulpnur,  has  scarcely 
any  action  on  th(^  persulphide.t 

Carbon  and  Sulphur. 
Two  compounds  of  these  elemental  are  known,  vit.;  the  dieulphide, 
produced  bv  the  direct  combination  of  its  element*  at  a  high  tem- 
perature, biid   the   monosulphide,   produced   by   reduction   of  the 
disnlptiide. 

Ofkrbon  Hiaolpbide,  or  Biaolphide,  CS^ — To  pre^mre  this  com- 
pound a  wide  porcelain  tube  filled  with  pieces  of  cbareonl  which  have 
been  recently  healed  to  redness  in  a  covered  crucible,  is  fixed  ncroa 
a  furnace  in  a  Hlightly  inclined  position.  Into  the  lower  extremity 
A  tolerably  wide  tubt  ih  fccurfd  by  tlic  aid  of  a  cork  :  this  tube 
bends  downwards,  and  jwiKPes  nearly  to  the  Ijottum  of  a  Imttlc  filled 
with  ftagntentjj  of  ice  and  a  little  wat*-r.  The  porti  Iiiiii  liil)e  King 
heated  to  bright  redness,  frecmentB  of  sulphur  ore  thrown  into 
the  open  end,  which  is  immediately  afterwards  stopped  by  a  cork. 
The  sulphur  melte,  and  becomes  converted  into  vapour,  which  at 
that  high  temperature  combines  with  the  carbon,  forming  an 
eiceediiigly  volatile  compound,  which  is  condensed  by  the  ice  and 
collects  at  the  bottom  of  the  vessel.  This  is  collected  and  redis- 
tilled at  a  very  gentle  heat  in  a  retort  connected  with  a  good  eon- 
denser. 

For  prcoanition  on  the  large  scale,  a  tubulated  earthen  retort  is 
Slled  with  charcoal,  and  the  sulphur  is  dropped  in  through  a 
porcelain  tube  passing  through  the  tubulus  and  reaching  nearly  to 
the  bottom ;  or  the  charcoal  is  contained  in  a  large  iron  cylinder,  and 
the  sulphur  introduced  through  a  pipe  fitted  into  the  lower  parL 

Carbon  disulphide  is  a  transparent,  colourless  liquid  of  great 
re&activB  and  dispersive  powi^r.    Its  density  is   1272,  that  of  its 

*  Bcrichte  ier  deutach  Cheni.  Oesellacbift,  ISeS,  p.  81. 

f  UeW  AddsIbk,  cIxii.  2d7.< 

;  W.  Ramwf ,  Chem.  Sac.  Joum.  1874,  S57. 


SULPHUB.  219 

vapour  is  2*67.  It  boils  at  43^  and  emits  vapour  of  considerable 
elasticity  at  common  temperatures.  In  its  ordinary  state,  it  has 
a  veiy  repulsive  odour,  due  perhaps  to  the  presence  of  small  quan- 
tities of  other  volatile  sulphur-compounds;  but  when  these  are 
removed  by  s^tating  the  liquid  with  mercury  till  it  cfeases  to 
blacken  the  bright  surface  of  tne  metal,  it  is  said  to  have  a  pure 
ethereal  odour.  When  set  on  fire  in  the  air,  it  bums  with  a  blue 
flame,  forming  carbon  dioxide  and  sulphur  dioxide ;  and  when 
its  vapour  is  mixed  with  oxygen,  it  becomes  explosive.  Carbon 
disulpnide,  when  heated  with  water  in  a  sealed  tube  to  about 
163°,  is  converted  into  carbon  dioxide  and  hydrogen  sulphide. 
In  contact  with  nascent  hydrogen  (when  heated  with  zinc  and 
dilute  sulphuric  acid),  it  is  converted  into  a  white  crystalline  sub- 
stance, having  the  composition  CH^S,  crystallising  in  square  prisms, 
insoluble  in  water,  alconol,  and  ether,  but  soluble  in  carbon  disul- 
phide,  subliming  at  150°,  and  decomposing  at  200°.    Carbon  disul- 

5 hide  freely  disolves  sulphur,  and  by  spontaneous  evaporation 
eposits  the  latter  in  beautiful  crystals ;  it  also  dissolves  phosphorus, 
iodine,  camphor,  and  caoutchouc,  and  mixes  easily  with  oils.  It 
is  extensively  used  in  the  vulcanisation  of  caoutchouc,  and  in  the 
manufEUiture  of  gutta  percha  ;  also  for  extracting  bitumen  from 
mineral  substances,  and  oil  from  seeds. 

Carbon  disulphide  unites  with  metallic  sulphides,  forming  salts 
called  sulphocarbonates,  which  have  the  composition  of  car- 
bonates with  the  oxygen  replaced  by  sulphur. 

Calcium  carbonate,  CaCOj      »     CaO.COg 

Calcium  sulphocarbonate,    CaCSj       =a     CaS.CS^ 
Hydrogen  sulphocarbonate,H2CS3       =     HjS.CS^ 

By  treatine  the  ammonium  salt  with  dilute  sulphuric  or  hydro- 
chloric acid,  an  oily  acid  liquid  is  precipitated,  consisting  of  hydro- 
den  sulphocarbonate,  or  sulphocarbonic  acid. 

Oarbon  Honoeulphide,  CS,  recently  discovered  by  Sidol^*  is 
obtained  by  exposing  the  disulphide  in  sealed  tubes  for  a  consider- 
able time  to  direct  sunshine.  It  is  then  precipitated  as  a  brown 
powder,  which  may  be  purified  by  distilling  off  the  undecomposed 
disulphide,  and  washing  the  residual  mixture  of  monosulphide  and 
free  sulphur  with  pure  disulphide  till  all  the  free  sulphur  is  removed. 
It  is  a  maroon-coloured  powder,  without  taste  or  smell,  and  having 
a  specific  gravity  of  1*66.  It  ia  insoluble  in  water,  alcohol,  turpen- 
tine-oil, and  benzene,  slightly  soluble  at  the  boiling  heat  in  carbon 
disulphide  and  in  ether.  It  disolves  idso  in  caustic  potash  and 
in  boiling  nitric  acid  ;  the  strongest  nitric  acid  ignites  it.  At  about 
200°  it  is  resolved  into  its  elements,  a  small  quantity  of  the  disul- 
phide being  formed  at  the  same  time. 

According  to  S.  Kem,t  carbon  monosulphide  is  also  formed  by 

•  Comptes  Bendufl,  Ixxxi.  82.  f  Chemical  News,  xxxiii.  253. 
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Carbon  OxTBulphide,  COS. — This  compound,  discovered  by 
Tliiin,  is  produced  by  direct  combination  wnen  carbon  monoxide 
mixed  vith  an] phur- vapour  is  possud  through  a  r»]-]iot  ]>orcelaut 
tube.  Ab  tiiUB  prepared  it  is  nii\ed  with  free  carbon  monoside ;  but 
on  passing  the  gas  through  alcoholic  potash,  the  oxvEulphide  is  slonB 
absorbed,  and  may  be  liberated  in  the  pure  elate  hy  treating  the 
Bolution  with  hydrochloric  acid. 

Cnrlxra  oxysulphide  ia  also  produced  by  gently  heating  the 
disulphide  with  an  equivalent  quantity  of  salphuT  tnoxide :  CS,  + 
SOj  =  C80  + SOj  +  S;  and  by  decompoMUg  potnsflium  sulpho- 
cyaiiate  with  moderately  dilute-acid* :  BuJphocyanic  acid  HCNS  is 
then  liberated  and  decomposed  by  the  water  present  in  the  manner 
n;  presented  by  the  equation — 

HC8N  +  H,0  =  NH,  +  CSO. 

Carbon  ozysulphide  is  a  gas  of  sp.  gr.  S'1046,  and  may  easily  be 
poiuTid  from  one  veesel  to  another.  It  has  an  aromatic  odour  like 
that  (if  some  resinx,  ali^'hlly  also  that  of  hydroReo  siilpbide,  niid  a 
feebler  acid  reaction  than  carbon  dioxide.  At  a  low  red  heat  it  U 
partly  resolved  into  carbon  monoxide  and  sulphur- vapour ;  by  a  fine 
platinum  wire  ignited  bv  the  electric  current,  it  is  bIowIj  but  com- 
pletely decomposed,  yielSin^  an  equal  volume  of  carbon  monoxide. 
It  burns  in  the  air  with  a  famt  blue  flame,  producing  carbon  dioxide 
and  Bulphnr  dioxide;  with  l-J  vol.  oxygen,  it  forma  an  explosive 
mixture  burniug  wilji  a  shining  bluish -miite  flame.  It  is  not  acted 
upon  by  chlorine  or  fuminj^  nitric  acid  at  ordinary  temperatures, 
and  does  not  form  an  explosive  mixture  with  nitrogen  dioxiile. 

Water  absorbs  about  its  own  volume  of  carbon  oxysulphide,  ac- 
^niring  a  sweetish  and  afterwards  anungent  taste,  and  decomposing 
it  after  some  tiniu.  It  appears  to  exist  in  some  aulpliur  springs  and 
in  the  sulphurous  gases  of  volcanos.  Potash-solution  absorbs  the 
gas  as  completely  as  carbon  dioxide,  thougli  less  quicklv ;  the  solu- 
tion exhibits  the  reactions  of  metallic  sulphides,  and  w^en  treated 
with  acids  gives  off  hydrogen  sulphide  and  carbon  dioxide.  Baryla 
water,  and  lime-water  act  in  a  similar  manner.  Neutral  or  acid 
solutions  of  lead,  copper,  cadmium,  and  silver  salts  are  not  precipi- 
tated bj-  the  gas,  but  when  mixed  with  excess  of  ammonia  they 
yield  with  it  characteristic  precipitates  of  metallic  sulphides,  * 

Sulphur  and  Chlorine. 
Three  clilorides  of  sulphur  are  known,  represented  by  the  formulie. 
8,CLu  SC1»  and  SCI,. 
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The  monochloridey  SCI  or  SoCl^,  which  may  also  be  regarded  as  a 
disulphide  of  chlorine,  aaafogous  in  composition  to  hydrogen 
dioxide,  is  prepared  by  passing  dry  chlorine-gas  into  a  retort  in 
which  sulphur  is  sublimed  at  a  gentle  heat  It  then  distils  over, 
and  may  be  collected  in  a  receiver  surrounded  by  cold  water,  and 
freed  from  excess  of  sulphnr  by  rectification.  It  is  also  produced 
by  distilling  a  mixture  of  1  part  sulphur  with  9  parts  stannic 
chloride,  or  8*6  parts  mercuric  chloride. 

Disulphide  of  chlorine  is  a  mobile  reddish-yellow  liquid,  having 
a  pecuhar,  penetrating,  disagreeable  odour,  and  fimiing  strongly 
in  the  air.  Specific  gravity  =  1*687.  It  boils  at  136°.  It  dissolves 
in  carbon  disulphide,  alcohol,  and  ether,  not  however  without 
decomposition  in  the  two  latter.  It  dissolves  sulphur  in  large 
quantities,  especially  when  heated.  When  saturated  with  sulphur 
at  ordinary  temperatures,  it  forms  a  clear  yellow  liquid  of  specific 
gravity  1*7,  and  containing  altogether  66*7  per  cent,  sulphur.  The 
solution  of  chlorine  disulphide  with  excess  of  sulphur  in  crude 
benzol,  is  used  for  vulcanising  or  sulphurising  caoutchouc.  It  is 
instantly  decomposed  by  water,  with  formation  of  hydrochloric  and 
thiosulphuric  acids,  and  separation  of  sulphur,  the  thiosidphuric 
acid  in  its  turn  decomposing  into  sulphur  and  sulphurous  acid, 
2SoCl^  +  SHjO  =  4HC1  +  83  +  H2S2O3  (or  HJSO3  +  S). 

The  dichloride,  SCl^,  is  produced  by  passing  chlorine  to  saturation 
into  the  preceding  compound  cooled  by  a  mixture  of  ice  and  salt, 
and  expelling  the  excess  of  chlorine  by  a  stream  of  carbon  dioxide. 
The  product  18  a  deep  red  liquid  boiling  at  164°,  and  containing  30*5 
per  cent,  of  sulphur,  69*6  of  chlorine,  agreeing  nearly  with  the  for- 
mula SCl^  which  requires  31*07  per  cent,  sulphur  and  68*93  chlorine. 

The  tetra>chlaride,  SCI4,  is  prepared  by  saturating  chlorine  disul- 
phide with  chlorine  at  — 20.  The  product  contains  81*59  per 
cent  chlorine  and  18*41  sulphur,  the  numbers  calculated  from  the 
formula  SCI4  being  81*61  ana  18*39.  Sulphur  tetrachloride  is  acted 
upon  by  sulphuric  oxide,  producing  sulphurous  chloride  together 
with  chlorine  and  sulphurous  oxide :  thus, 

SCI4  +  SO3  =  SOClj  +  Clj  +  SO* 

Oxychlorides.  —  1.  Sulphurotis  Chloride,  SOClg.  —  This  com- 
pound, also  called  Chloride  of  Thionyl,  is  derived  from  sulphurous 
acid,  SO0H2  or  SO.HO.HO,  by  the  substitution  of  2C1  for  2H0.  It 
is  formed  by  the  action  of  water,  alcohols,  acids,  &c.  on  the  sulphides 
of  chlorine;  but  is  more  easily  prepared  by  the  action  of  phosphorus 
pentachloride  on  sulphurous  oxide,  or  by  that  of  phosphorus 
oxychloride  on  sulphite  of  calcium  : 

SOj  +  PCI5  =  POCI3  +  SOClj. 
3CaS03  +  2POCI3  =  CaaPgOg  +  SSOClj. 

*  Respecting  other  reactions  of  the  chlorides  of  sniphur,  and  especially  their 
decomposition  by  heat,  see  Watts^s  Dictionary  of  Chemistry,  Second  Supple- 
ment, p.  1129. 
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It  is  He^aiatod  hy  distillation  from'  the  tixtd  calcinm  pbospbat«  pro- 
duced dnmltaiieoUBl]'  in  the  setond,  arid  by  fractioiial  diRtillation 
from  the  phosphorus  oxychloiide  produced  in  the  first  reactitm. 

Suljihiirous^jihloride  is  a  colourless,  strongly  refracting  liquid, 
vhich  lioilfl  itt  Sf-.  It  is  decompoBed  by  water,  yieldiuR  hydro- 
chloric and  Balpborous  nuids;  and  bv  alcohols  with  funuution  of 
alcoholic  cblorideB  and  HalpliurouB  acid,  thuB  : 

SOCl,     +     2H,0     =     2HC1     +     HjSO, 
SOCl,     +     2(C,H5)HO     -    2C,HtCl     +     H^O, . 

Elh;]  •Jcohol  Ettay]  chlsrlda. 


SulphwHc  Moride,  or  Salpkw^l  tMwidt^  80,01,  (also  called  Chlora- 
gutphiiric  aeid)  is  formed  by  prolonged  eipoeure  of  a  mixture  of 
clilnriiie  and  Bulpburoue  oxide  gases  to  atron);  sunshine;  also, 
togethiT  with  phosphorus  osyehloride,  by  the  action  of  phosphorus 
peutiichluride  on  siupburic  oxide  : 

SO,  +  PClj  =  POCl,  +  SO,C!, ; 

but  it  ia  best  prepared  by  distilling  strong  sulphuric  acid  vith 

the  pentachloride,  or  lead  sulphate  with  the  osychloride  of  phos- 
phorus ; 

HaSO,     +  2PC1,      -  SOjClj     +  2P0Clj  +  2B.CI 
3PbS0  ,+  2P0Clj  -  3S0jCI,  +  PbjPjOs 

L«ftd  phoflphi(«. 

Sulphuric  chloride  is  a  colourless  fuming  liquid,  of  specific  gravity 
1'66.  It  boUs  at  TT'',  and  may  be  distillw  unchanged  over  caustic 
lime  or  baryta.  When  poured  into  water,  it  sinks  in  the  fonn  of 
oilv  dro)>H,  which  gradually  disappear,  being  converted  into  hydro- 
chloric and  sulphuric  acids : 

80,CI,  +  EHjO  =  2HC1  +  H,SO, . 

With  alcohol  it  behaves  in  a  eintilar  manner,  thus  : 

sOjCi,  +  2(cyis)H0  =  aCgHja  +  h^so,  . 

In  the  actual  n 
elhylsulphuric 

H^SOj  +  (C^s)HO  =  H,0  +  (CiHs)HS04. 

Sulphiuic  Hydro^ohloride  or  Ohlorhydrat*,  HCISO3  or 
SO1.HO.CI  (also  called  CHorAy(iro8iiipA«rous^cwi.)— This  compound, 
discovered  by  Williamaon,  is  intermediate  in  composition  between 
Btdpharic  acid  and  sulphuric  chloride,  is  derived  from  sulphuric 
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add  S04H,orSOs.HO.HO,by  thesubstitationof  laforlHO.  It 
is  the  mst  product  of  the  action  of  phoBphoms  pentachloride  on 
strong  sulphnric  add : 

so^Ho.Ho  +  PCI5  =  poag  +  Ha  +  so^ho.ci. 

As  thus  prepared  it  is  mixed  with  sulphuric  chloride ;  but  it  may 
be  obtained  pure  by  treating  sulphuric  acid  with  phosphorus  oxy- 
chloride,  hyorochloric  add  and  metaphosphoric  ada  being  produced 
at  the  same  time : 

2(S0j^H0.H0)  +  POa,  ^  2(S08.H0.C1)  +  HCl  +  HPO, . 
It  is  also  formed  by  the  action  of  water  on  sulphuric  chloride : 

so,a,  +  H,o  =  Hci  +  HasOj. 

Sulphuric  hydroxychloride  is  a  colourless  liquid,  which  boils  at 
about  150°,  being  at  the  same  time  partiallyresolved  into  sulphuric 
add  and  sulphuric  chloride:  2HClS08=HaS04+C1^0^  When 
poured  into  water,  it  sinks  to  the  bottom  and  gradually  dissolves, 
with  formation  of  hydrochloric  and  sxdphuric  acids.  It  lias  dedded 
acid  properties,  ana  forms  definite  salts  in  which  its  hydrogen  is 
replaced  by  metals.  Thus  it  dissolves  sodium  chloride  at  a  gentle 
heat,  with  evolution  of  hydrochloric  acid,  and  formation  of  the 
salt  NadSOg. 

PyrostUphuric  Chloride^  S2O5CI2  or  (S02C1)20. — This  compound  is 
formed  on  heating  together  phosphorus  pentachloride  and  sid- 
phuric  oxide : 

PCI4  +  gSOs  =  SjOftCOj  +  POCl,, 

and  by  the  action  of  phosphorus  pentachloride  on  stdphuric  hydroxy- 
chloride: 

PCI4  +  280,aQH  =  (SQ,Cl)p  +  POCIj  +  2HC1. 

It  is  a  colourless  oil;^  liquid  of  spi  gr.  1^19  at  18^,  boiling  at  146^. 
In  contact  with  water  it  oecomposes  slowly  and  noiselessry,  and  is 
thus  distinguished  from  sulphunc  hydroxychloride,  which  is  rapidly 
decomposed,  with  fdmost  explodve  violence,  when  thrown  into 
water.  When  heated  above  ita  boiling  point,  it  is  resolved  into 
chlorine,  sulphurous  oxide  and  sulphuric  oxide ; 

SjOftCl,  «  SO,  +  SO,  +  CI,. 

When  submitted  to  the  action  of  phosphorus  pentachloride,  it 
yields  chlorine,  sulphurous  oxide,  and  phosphorus  oxychloride : 

SjOftCl,  +  PCI5  -POCa,  +  2S0,  +  2C1,. 


i 
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Oarfeon  BnlplicKdaoride,  CSCl^ — TIiiB  compound,  the  eulplin^ 

analopie  of  carboiijrl  chloride  or  phoagane  (p.  171  ),  is  produced, 
togelhtT  with  chlorine  moiioaulphide,  by  tlie  action  of  diychlorine  on 
carbon  diaijlphide :  CS,  +  CI4  =  SCL,+ CSCl,  or  by  pasaiiiK  a  mixture  of 
hydmsen  eolphide  and  vapour  of  cafbon  tetrachloriae  through  ti 
red-hot  tube:  C01,+  H^=-2HCH-C8C1-  It  is  a  yeUow  li<iiiid 
having  a  very  irrilating  odom,  not  acl^  upon  by  water  or  acids, 
hut  decompcaed  by  potash,  yielding  potasaiuin  sulphide,  potaasiiun 
carbonate,  and  cai'bon  letrachloride  r 

aCSCl,  +  3KjO  =  2KjS  +  KjCOj  +  CCl,. 
-  Sulphur  and  Bromine. — Bromine  dissolves  i^ulphur,  forming  a 

Sulphur  and  Xodins. — Theae  elements  combine  'n-lien  heated 
to^tliiir,  even  under  water.  The  resulting  compound,  SJ^  con- 
taining 33  parts  of  sulphur  and  1S7  ports  of  iodme,  is  a  blaclciah- 
ntiidio-ciyetalliiie  masB,  resembling  nativu  antimony  sulphide^ 
^eompoBCB  at  higher  tempeniturea,  gives  off  iodine  on  exposure 
to  the  iiir,  and  is  insolubln  in  iv-atfr.  By  licatin"  S.M  part.-  of 
iodine  with  32  parts  of  sulplmr,  a  compound  is  olitaiiied  which 
smella  like  iodine,  and  is  said  to  lie  a  powerful  remedy  in  skin 
diseases.  A  cinnabar-i'ed  sulphur  iodide  is  obtained,  according  to 
Grosoiirdi,  by  prei'ipitating  iodine  trichloride  with  hydrogen  sul- 
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Atomic  weight,  79-4-  Symbol,  Se. 
This  is  a  very  rare  substance,  much  resembling  sulphur  in  its 
cheniicnl  relations,  and  found  in  aNsuciation  with  that  element  in 
some  few  localities,  or  replacing  it  in  certain  metallic  conibiuationa, 
as  in  the  lead  selcnide  of  Clausthal  in  the  Hartz.  To  separate  it, 
the  pulverised  ore  is  treated  with  hydrochloric  acid  to  dissolve 
earthy  carbonates,  and  the  washed  and  dried  residue  is  ignited  for 
some  time  with  an  euual  quantity  of  black  flux  (a  mixture  of  potas- 
sium carbonate  and  charcoal).  The  selenium  is  thereby  converted 
into  potassium  selenide,  which  by  treatment  with  boiling  water  is 
dissolved  away  from  the  oxides  formed  at  the  same  time.  This 
solution  when  exposeil  to  the  air  absorbs  oxygen,  and  yields  the 
selenium  as  a  grey  deposit,  which  may  he  purified  by  washing, 
drying,  and  distillation  .* 
Selenium  is  a  Kddish-brown  solid  body,  somewhat  translucent. 


oxide, 
or  111-4   +    18 
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and  having  an  unperfect  metallic  lustre.  Its  specific  gravity,  when 
rapidly  cooled  after  fusion,  is  4*3.  At  100°,  or  a  little  above,  it 
melts,  and  boils.  It  is  insoluble  in  water,  and  exhales,  when  heated 
in  the  air,  a  peculiar  and  disagreeable  odour,  which  has  been  com- 
pared to  that  of  decaying  horse-radish :  it  is  insoluble  in  alcohol, 
Dut  dissolves  slightly  in  carbon  bisulphide,  from  which  solution 
it  ciystaUises. 

Oxides  of  Selenium — Two  oxides  of  selenium  are  known.  The 
one  containing  the  smallest  proportion  of  oxygen  is  formed  by  the 
imperfect  combustion  of  selenium  in  air  or  oxygen  gas.  It  is  a 
colourless  gas  which  is  the  source  of  the  peculiar  horse-radish  odour 
above  mentioned.     Its  composition  is  not  known. 

The  higher  oxide,  SeOj,  called  selenious  oxide,  is  produced  by 
burning  selenium  in  a  stream  of  oxygen  gas ;  it  contains  79*4  parts, 
by  weight,  of  seleniimi,  and  32  of  oxygen.  It  is  a  white  solid  sub- 
stance which  absorbs  water  rapidly,  forming  a  hydroxide,  viz. — 

Selenium.       Oxygen.    Hydrogen.         ^IfJi!??*      Water. 

Selenioos    acid,    or  \    -q.^      .      ^o      .        « 
Hydrogen selenite,  }    '» «     +     "     +       ^ 

This  acid,  HjSeOa  ®^  HjO.SeOo,  analogous  in  composition  and 
properties  to  smphurous  acid,  is  likewise  produced  by  dissolving 
selenium  in  nitnc  or  nitromuriatic  acid.  It  is  deposited  from  its 
hot  aqueous  solution  by*slow  cooling  in  prismatic  crystals  like 
those  of  saltpetre  ;  but  when  the  solution  is  evaporated  to  dryness, 
the  selenious  acid  is  resolved  into  water  and  selenious  oxide,  which 
sublimes  at  a  hieher  temperature. 

Selenious  acia  is  a  very  powerful  acid,  approximating  to  sul- 
phuric acid  in  the  energy  of  its  reactions.  It  reddens  litmus, 
decomposes  carbonates  with  effervescence,  and  decomposes  nitrates 
and  chlorides  with  aid  of  heat.  Its  solution  precipitates  lead  and 
silver  salts,  and  is  decomposed  by  hydrogen  sulpnide,  yielding  a 
precipitate  of  selenium  sulphide :  HjSeOj + 2H^S  =  3HoO  +  SeSj. 

The  metallic  selenites  resemble  the  sulphites.  When  heated 
with  sodium  carbonate  in  the  inner  blow- pipe  flame,  they  emit  the 
characteristic  odour  of  selenium.  They  are  not  decomposed  by 
boiling  with  hydrochloric  acid. 

Selenic  acid,  H2Se04,  is  a  more  highly  oxidised  acid  of  selenium, 
analogous  to  sulphuric  acid,  and  containing  794  mrts,  by  weight, 
of  selenium,  64  of  oxygen,  and  2  of  hydrogen.  The  correspond- 
ing anhydrous  oxide.is  not  known.  Selenic  acid  is  prepared  by 
fusing  potassium  or  sodium  nitrate  with  selenium,  precipitating 
the  selenate  so  produced  with  a  lead  salt,  and  then  aecomposing 
the  compound  with  hydrogen  sulphide.  The  acid  strongly  resembles 
oil  of  vitriol ;  but  when  very  much  concentrated,  it  is  decomposed, 
by  the  application  of  heat,  into  selenious  acid  and  oxvgen.  The 
selenates  bear  the  closest  analogy  to  the  sulphates  in  almost  e.^^'Tj 
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particular.  They  are  decomposed  by  lioiling  with  hyJroehloiic 
acid,  chlorine  being  evolved  ond  a  salt  of  eelenious  acid  being  pro- 
Hydrogen  Selenlde;  Stlrnhydrie Aeid ;  SeUnittUd Hydroqent'S^. 
— This  Buht'tiuife  is  produced  by  the  action  of  dilute  sulphnric  acid 
■upon  Bele.ni'le  of  potawaum  or  iron.  It  very  much  reeeniblea  sul- 
phuretted hydrogen,  bting  a  colourless  gas,  freely  wlubk  in  water, 
and  decomposing  metallic  eolutions  like  Uiat  suasCance:  insoluble 
selenidea  art  thus  produced.  This  gas  iasaidto  nctvety  powerfully 
upon  the  lining  niembrane  of  the  nose,  exciting  catarrhal  eyniptomB, 
and  destroying  the  seuse  of  smelL  It  contains  T9'4  parts  selenium. 
and  2  parts  hydrogen. 


TBLLtmiinc. 

Atomic  wdght^  128.  Symbol,  Te. 
This  element  poesesaes  nutny  of  the  characters  of  i  metal,  hut  h 
bears  so  close  a  resemblance  to  selenium,  both  in  its  physical  pro- 
perties and  its  chemical  relations,  that  it  is  most  appropriately 
placed  in  the  same  group  with  that  bodv.  Tidlurium  is  found  in  a 
lew  scarce  minerals,  in  association  with  gold,  silver,  lead,  and  bismutli, 
apparently  replacing  snlphur,  and  is  most  easily  extracted  from  the 
bismuth  aulpno-telluride   of  Chemnitz  in  Hungary.     The  flnely- 

Eowdered  ore  is  mixed  with  an  equal  weight  of  liy  sodium  car- 
DDate,  the  mixture  made  into  a  paste  with  oil,  and  heated  to 
whiteness  in  a  closely  covered  crucible.  Sodium  telluride  and 
sulphide  are  thereby  iiriKluced,  and  metallic  bismuth  is  set  free. 
The  fused  mass  is  dissolved  in  water,  and  the  solution  freely  exposed 
to  the  air,  when  the  sodium  and  sulphur  oxidiae  to  sodium  hydrate 
and  thiosulphatc,  while  the  tellurium  setianttes  in  the  metallic  slate. 
Tellurium  has  the  c<)lour  and  lustre  of  silver ;  by  fusion  and  slow 


a  comparatively  liad  conductor  of  heat  and  electricity  :  it  has  a 
dendty  of  626,  mella  at  a  little  below  a  red-heat,  and  volatilises  at 
a  higher  tempemture.  Tellurium  bums  when  heated  in  the  air,  and 
is  oxidised  by  nitric  acid. 

Tellurium  forms  two  oxides,  analogous  in  composition   to   the 
oxides  of  sulphur,  and  likewise  forming  acids  by  combination  with 


Form  all.       Hj'drogen. 
Tellnnnu  oxide,        TeO, 

acid,  H,TeO,  2 

Tellaric     oxide,        TeO, 

acid,  H,TeO«         2 
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Tellurous  Oxide  may  be  prepared  by  heating  the  precipitated 
acid  to  low  redness.  It  aiBO  separates  in  semi-crystalline  grains  from 
the  aqueous  solution  of  the  acid  when  gently  heated ;  more  abundantly 
and  in  well-defined  octohedrons  from  the  solution  of  tellurous  acid 
in  nitric  acid.  It  is  fusible  and  volatile,  slightly  soluble  in  water, 
but  does  not  redden  litmus.  When  fused  with  alkaline  hydroxides 
or  carbonates,  it  forms  tellurites. 

Tellurous  Acid  ib  best  obtained  by  decomposing  tellurium  tetra- 
chloride with  water.  It  may  also  be  prepared  by  dissolving  tel- 
lurium in  nitric  acid  of  sp.  gr.  1*25,  and  pouring  the  solution,  after 
a  few  nunutes,  into  a  large  quantity  of  water.  By  either  process  it  is 
obtained  as  a  somewhat  bulky  precipitate,  which,  when  dried  over 
oil  of  vitriol,  appears  as  a  light,  white,  earthy  mass,  having  a  bitter 
metallic  taste.  It  is  slightly  soluble  in  water,  more  easily  soluble  in 
alkaHs  and  acids,  the  nitric  acid  solution  alone  being  unstable. 
Sulphurous  acid,  zinc,  phosphorus,  and  other  reducing  agents, 
precipitate  metallic  tellunimi  from  the  acidified  solution  of  tellurous 
acid.  Like  selenious  acid,  it  is  decomposed  by  hydrogen  sulphide 
and  alkaline  hydrosulphides,  with  formation  of  a  dark  brown 
telluriimi  sulphide,  which  dissolves  readily  in  excess  of  alkaline 
hydrosulphide,  forming  a  sulpho-tellurite. 

Tellurous  acid  is  a  hydroxide  in  which  the  acid  and  basic  tendencies 
are  nearly  balanced  ;  in  other  words,  the  tellurium  of  the  compound 
can  replace  the  hydrogen  of  an  acid  to  form  tellurous  salts,  and  the 
hydrogen  of  the  compoimd  can  be  replaced  by  the  basylous  metals 
to  form  metallic  tellurites. 


Telltjbium  Salts. 
Te^SO^),        Sulphate. 


Te(NO»\^ 
TeCl4 


Nitrate. 
Oxalate. 
Chloride. 


Tellurites. 

HjTeOg        Hydrogen  tellurite. 

K-TeOo        Potassium  tellurite. 

HKTeOg  Hydrogen  and  potas- 
sium tellurite. 

HgKCTeOj),  Trihydropotassic  tel- 
lurite. 


The  tellurites  of  potassium,  sodium,  barium,  strontium,  and 
calcium,  are  formed  by  fusing  tellurous  oxide  or  acid,  with  the 
carbonates  of  the  several  metals  in  the  required  proportions.  These 
tellurites  are  aU  more  or  less  soluble  in  water.  The  tellurites  of 
the  other  metals,  which  are  insoluble,  are  obtained  by  precipitation. 

Telluric  Oxide  and  Acid. — Equal  parts  of  tellurous  oxide  and 
sodium  carbonate  are  fused,  and  the  product  is  dissolved  in  water ; 
a  little  sodium  hydrate  is  added,  and  a  stream  of  chlorine  passed 
through  the  solution.  The  liquid  is  next  satiirated  with  ammonia, 
and  mixed  with  solution  of  oarium  chloride,  by  which  a  white 
insoluble  precipitate  of  barium  telliirate  is  thrown  down.  This  is 
washed  and  digested  with  a  quarter  of  its  weight  of  sulphuric  acid, 
and  diluted  with  water.    The  filtered  solution  gives,  on  eva^0TO.ti^tL 
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in  the  air,  large  cnRtals  of  telhiiic  aai.  which  luve  th«  compod- 

tion,  HjTe0,.2lI„O. 

CryBtaUiseil  tt-IUuit  acid  is  fretly,  although  »lowly,  sohil)!e  in 
water  :  it  hns  a  met«iUc  taste,  and  reddens  litmufi-paper.  The 
crjBtals  give  olT  their  wattr  of  crystallization  at  100°,  and  the  re- 
maininK  add,  HjTeO,,  when  atronRly  heated,  gives  off  more  water, 
and  yieida  the  anliydromi  (ixide,  TeOj,  which  is  then  innohihle  in 
water,  and  even  in  a  hoihng  alkaline  liquid.  At  the  tempetatiire  of 
ignition,  telluric  oxide  loses  oxjRen,  and  paMCs  into  tellnrous  oiide. 

The  tellnjiites  of  the  alkali- metals  are  goluhle  in  water,  and  are 
prepared  by  diswlTing  the  required  quantitii'S  of  telliuie  acid  anil  an 
alkaline  carbonate  in  hot  water.  The  other  tellurateB  are  ineolnhle, 
and  are  obtained  by  precipilation. 

The  comportition  uf  the  alkaline  telliiratea  is  exhibited  by  the 
following  formulie  : — 

■^^f  SlISS'^' !  HKT.O,H.T.O,  .,  3H.0.K.O.4T.O. 


AnhydroUB   Quadritel- 


i,TeO,.3TeO,      or  K,0.4TeO, 


TeUurium  BulpMdeB. — Tellurium  fomiB  two  Eulphides,  TeS, 
and  TeSj,  analogoiia  in  componition  to  the  oiides ;  they  are  formed 
by  the  action  of  hydrogen  Bulphide  on  Bolntiona  of  telluroue  acid  and 
telluric  add  respectively.  ThCT  are  brown  or  black  Bubstances, 
which  unite  with  metallic  Bulphides,  forming  salta  called  sulpho- 
telluritea  and  BulphoteIlurat«s. 


Sdrogen  Tellarid«,    HjTe.—Tettvrhydrk  AiM,   HydroleUiiric 
,  or  ftUuTttted  HydTogffn. — This  compound  is  a  gas,  n-seml'""  " 
sulphuretted  and  selenietted  hydrogen.     It  is  prepared  bv  the  ai 
*'     ■'     '■  'isolvesinwa'"      " 


_i   colourless   liquid,   which  precipitates    ■  ...    

solutions,  and  depoaitB  tellurium  on  exj>osuK  to  the  air. 

Tellurium  OhloridM.— Tellurium  forms  a  dichloride,  TeClj,  and 
a  tetrachloride,  TeCl,,  both  volatile  and  decomposible  by  eicess 
of  waltr,  the  latter  being  completely  resolved  into  telluroua  and 
hydroctloric  adds  L  TeCI,  +  3H,0  =  4Ha  +  H.TeO,. 

The  tetrachloride  unites  with  the  chlorides  of  the  alkali-metals, 
to  form  crystalliBable  double  salt*. 

TbefrrOTTiidwand  toiiirfejo/leHunutiicorreBpond  with  the  chlorides 
in  properties  and  composition. 

Compoande  of  the  halogen-adds  with  tellurous  oxide  are  also 
known.      WLeii  this  otide  is  e^v'^sed  to  the  action  of  gaseous  Ajfttre- 
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gen  hromide  in  a  vessel  cooled  to  - 14®,  the  compound  TeO^SHBr 
is  formed  in  groups  of  small  nearly  black  scales  resembling  iodine. 
At  40°  this  compound  gives  oflf  HBr,  and  is  reduced  to  Te02.2HBr, 
which,  when  heated  to  300°,  is  resolved  into  water  and  a  yellow 
oxybromide  :  TeO,.HBr  =  H-O+TeOBr, ;  and  at  a  still  higher 
temperature  this  oxybromide  is  decomposedinto  the  tetrabromide 
and  tellurous  oxide:  2TeOBr=TeBr4+TeO^  The  tetrabromide 
passes  oflf  in  black  vapours  and  crystallises  on  cooling  in  dark 
brown  needles. 

Tellurous  oxide  is  decomposed  by  hydriodic  acid  at  ordinary 
temperatures,  but  absorbs  it  at  - 16°,  forming  a  compound  which 
decomposes  as  the  temperature  rises.  Tellurous  oxide  likewise 
absorb^  anhydrous  hydrofluoric  <icid. 


BOBON. 

Atomic  weight,  11.    Symbol,  B. 

This  element,  the  basis  of  boric  or  boracic  acid,  is  prepared  by 
heating  the  double  fluoride  of  boron  and  potassium  with  metallic 
potassium  in  a  small  iron  vessel,  and  washing  out  the  soluble  salts 
with  water.  It  is  a  dull,  greenish-brown  powder,  which  bums  in 
the  air  when  heated,  producing  boric  oxide.  Nitric  acid,  alkalis  in 
the  fused  state,  chlorine,  and  other  agents,  attack  it  readily.* 

Boric  Oxide  and  Acid. — There  is  but  one  oxide  of  boron, 
namely,  boric  oxide,  BoOj,  containing  22  parts  of  boron  and  48  of 
oxygen.  It  unites  with  water  and  metallic  oxides,  forming  boric 
acid  and  metallic  borates. 

Boric  or  Boracic  Acid,  or  Hydrogen  Borate,  H3BO3  or  ZRfil^fi^ 
contains  11  parts  boron,  48  oxygen,  and  3  hydrogen,  or  70  parts 
boric  oxide,  and  64  water.  It  is  foimd  in  solution  in  the  water  of 
the  hot  volcanic  lagoons  of  Tuscany,  whence  a  large  supply  is  at 
present  derived,  ft  is  also  easily  made  by  decomposing  with 
sulphuric  acid  a  hot  solution  of  borax,  which  is  an  acid  borate  of 
sodium,  occiuring  abundantly  in  certain  salt  lakes  of  India,  Thibet, 
and  other  parts  of  Asia. 

Boric  acid  crystallises  in  transparent  colourless  plates,  soluble  in 
about  26  parts  of  cold  water,  and  in  a  much  smaller  quantity  at 
the  boiling  heat;  the  acid  has  but  little  taste,  and  feebly  affects 
vegetable  colours.  When  heated,  it  loses  water,  and  melts  to  a 
glassy  transparent  mass  of  anhydrous  boric  oxide,  which  dissolves 

♦  Wohler  and  Deville,  in  1868,  by  foBins  boric  oxide  with  aluminium,  ob- 
tained very  hard  octohedral  crystals  and  a  graphite-like  substance,  which 
the^  regarded  as  modifications  0/  boron  analo^^us  to  the  diamond  and  graphite 
varieties  of  carbon ;  but  subsequent  observations  have  shown  that  both  these 
•abatances  are  oompounda  of  boron  and  aluminium.  (See  Ajxii£&\5S1L.\  ^ 
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miiny  metallic  oxideii  villi  gre&t  ease.    The  cryslala  diBsolve  in 
alcohol,  and  the  eolutioQ  bums  with  a  green  flame. 

Olnttsy  bono  oxide  in  a  state  of  fusion  rcqiiirea  for  ita  ilissipation 
in  vapour  a  very  intuise  and  lonj^-contiiiued  heat ;  the  ai^ueona 
Boltition  cannot,  "however,  be  evaporated  without  Teiy  appreciable 
loss  hj  volatilisation ;  hence  it  is  probable  that  the  acid  is  tax 
more  volatile  than  the  aniydroua  oxide, 

BoTQii  Nitride,  BN.— Thia  compound,  eontaining  11  parts  of 
boron  and  14  of  uitn^u,  is  produced  by  heating  bone  oxide 
with  metallic  cyanides,  or  by  heating  to  bright  rednesa  h  miiture 
of  Hal-Linimoniac  and  pure  anhydrous  borax,  or  sodium  bibomte, 
Nni,0,2B„03  : 

Na,0.2B,0i  +  2NH,a  -  SBN  +  B,0,  +  2Kaa  +  4H,0. 

It  is  a  white  amor^otu  powder,  inaoluble  in  water,  infiuible  and 
non- volatile.  When  heated  in  a  cnnent  of  eteom,  it  yields  ammoniA 
and  l>oric  oxide:  SBN+3H,0— SNH.+B,0-  and  likeviae  givea 
off  a  large  quantity  of  ammonia  vhen  foied  mth  potash. 

Boron  Ohloride,  BCI3,  was  formerly  1>elieved  to  be  a  ]>ermanent 
gaa;  but  recent  researcbea  liave  proved  that  it  is  a  liquid,  boiling 
at  17°,  acconiing  to  Wohlet  and  Deville,  at  18°-23  under  a  pressure 
of  2760  millimeters  (Regnault).  It  is  decomposed  by  water,  with 
production  of  boric  and  hydrochloric  acida,  and  fuming  strongly  in 
the  air.  It  is  most  easily  obtained  by  exposing  to  the  action  of  dry 
chlorine,  at  a  veir  high  temperature,  an  intimate  mixture  of  glassy 
boric  oxide  and  charcoal. 

There  is  also  a  Boron  Bromide  of  similar  constitution. 

Boron  Fluoride,  BF,,  is  obtained  by  heating  in  a  glass  flask  or 
retort  I  part  of  vitrified  boric  oxide,  2  of  fluor-apor,  and  12  of  oil  of 
vitriol.  It  is  a  transparent  gaa,  very  soluble  in  water,  very  heavy, 
and  forming  dense  fumes  in  the  air. 


SILICON  or  SILICITTH. 

Atomic  weight,  2S.   Symbol,  Si. 

This  element  in  union  with  oxygen  constitntea  silica  or  tha 
earth  of  flints,  in  which  form  it  enters  laroelv  into  the  composition 
of  many  of  the  rocks  and  mineral  masses  of  wnich  the  surface  of  the 
earth  is  composed.  The  following  process  yields  silicon  most 
readily.  The  double  fluoride  of  silicon  and  potaanium  is  heated  in 
a  glass  tube  with  neariy  ita  own  weight  of  metallic  potassium  ; 
Lviolent  reaction  ensues,  and  silicon  is  set  free.  When  cold,  the 
contents  of  the  tube  are  put  into  cold  water,  which  i 
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Buline  matter  and  anyKsidus]  ^otaesiuin,  and  leaves  the  alicon 

ontouched.  So  prepaKd,  silicon  ih  b  dark-brown  powder,  destitute 
of  luatre.  Heated  m  the  air,  it  bums,  and  becomes  superficially 
converted  into  silica.  It  is  also  acted  upon  b;  sulphur  and  1^ 
chlorine.  When  silicon  is  strongly  heated  in  a  ooTered  crucible, 
its  propertieB  are  greatly  changed  ;  it  becomes  darker  in  colour, 
denser,  and  incombustible,  refusing  to  bum  even  when  Heated  by 
the  flame  of  the  oij-hydra^^n  blowpipe. 

Silicon,  like  carbon,  is  capable  of  ezistii^  in  three  different 
modilicationB.  The  modilication  above  mentioned  correBponda  with 
the  amorphous  variety  of  carbon  (lamp-black).  The  researches  of 
Wbhlei  and  Deville  nave  established  the  existence  of  modifications 
oorreBponding  with  the  diamond,  and  with  the  graphite  variety  of 
c&rbon.  The  diamond  modification  of  silicon  is  most  readUy 
obtained  by  introducing  into  a  red-hot  crucible  a  mixture  of  3  parts 
of  potassium  silico- fluoride,  1  part  of  sodium  in  small  fragments, 
and  1  part  of  granulated  iunc,  and  heating  to  perfect  fusion.  On 
slowly  cooling,  there  is  formed  a  button  of  jdnc,  covered  and  intei- 
Hpersed  with  needle-shaped  crystals  consisting  of  octohedrons  ioined 
in  the  direction  of  the  axis.  This  crystallised  silicon,  whicn  may 
be  readily  freed  from  zinc  by  treatment  with  acids,  resembles 
(Tystallised  hoimatite  in  colour  and  appearance  :  it  scratches  glass, 
and  fuses  at  a  temperature  approaching  the  melting  point  of  cast 
iron.  The  graphite  modification  of  silicon  is  prepared  by  fusing, 
in  a  Hessian  crucible,  5  parts  of  soluble  glass  (potassium  silicate),  10 
parts  of  cryolite  (aodium  and  aluminium  fluoride),  and  1  part  of 
aluminium.  On  treating  the  resulting  button  of  aluminium  with 
hydrochloric  acid,  the  silicon  remains  in  the  form  of 
scaly  crystals,  resembling  eraphite,  but  of  somewhat 
brighter  colour,  Bcratching  glass,  like  the  previous  modi> 
flcation.    It  is  infusible.    Its  specific  gravity  is  2'49. 

Silica,  or  Silioio  Oxide,  SiO^— This  isthe  only 
known  oxide  ;  it  contains  28  parts  silicon  and  3X  pans 
oxygen.  Colourless  transparent  rock-crystal  consists  of 
sibca  very  nearly  pui« ;  common  quartz,  agate,  chalce- 
dony, flint,  and  several  other  minerals,  are  also  chiefly  I 
composed  of  this  substance. 

The  following  experiment  furnishes  silica  in 
state  of  complete  purity,  and  at  the  same  time  ex- 
hibits one  of  the  most  remarkable  properties  of  silicon, 
namely,  its  attraction  for  fluonne.  A  mixture  of 
equal  parts  of  fluor-spar  and  glass,  both  finely  pow- 
dered, IK  introduced  into  a  glass  flask,  with  a  quantity 
of  oil  of  vitriol.  A  tolerably  wide  bent  tube,  fitted 
to  the  flask  by  a  cork,  passes  to  the  bottom  of  a  glass  jar  (fig,  123), 
into  which  enough  mercury  is  poured  to  cover  the  extremity  of 
the  tube.  The  jar  is  then  half  filled  with  water,  and  heat  is  applied 
to  the  flask. 
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The  first  effect  is  the  diaengageraent  of  hydrofluoric  acid  :  this 
substance,  bowever,  findiDc  it«ell  in  contact  with  the  silica  of  the 
powdered  glasB,  imdergoea  dccniiipo«itinn,  water  and  silicon  fluoride 
being  produced.  The  latter  ib  a  permanent  gas,  which  escajiea 
from  the  flask  b;  the  bent  tube.  B;  contact  with  a.  lat^e  quantitj 
of  water,  it  is  in  turn  decompoaed,  yielding  silica,  whicE  sepaiatea 
in  a  beautiful  gelatinoua  condition,  and  on  acid  hmiid,  which  ia  a 
dDu\>le  fluoride  of  eiiicon  tmd  hydro^n,  4HF^iF„  commonlj 
called  bjilrofluodlicic  or  sUico-fluoric  aad,  thus 

(1.)  Reaction  of  hydrofluoric  add  with  dlica: 

4HF  +  SiOj  =  2H,0  +  SiF,. 

(2.)  Decomposition  of  silicon  fluoride  by  water : 

SSiF^  +  2H,0  =  SiO,  +  4HF.SiF(. 

The  siiica  may  be  collected  on  a  dotb-filter,  well  washed,  dried, 
and  heuted  to  ledness  to  expel  watei.  The  acid  liqoid  is  kept  us  o 
test  for  barium  and  potaaatum,  with  which  it  forms  nearly  insoluble 
precipitjitefl,  the  double  fluni-ide  of  silicon  and  pcitassiiim  Ving 
used,  as  was  stated,  in  the  preparation  of  silicon. 

Silicon  fluoride,  SiFj,  niatead  of  being  condensed  into  water, 
may  be  collected  over  mercury  :  it  ia  a  permanent  gas,  desdtute  of 
colour,  and  very  heavy.  Admitted  into  the  air,  it  condenses  the 
moisture  of  the  latter,  giving  rise  to  a  thick  white  cloud.  It  is 
important,  in  the  experiment  above  described,  to  keep  the  end  of 
the  delivery-tube  from  touching  the  water  of  the  jar,  otherwise  it 
almost  instantly  becomes  stopped  ;  the  mercury  efteels  this  object. 

Pure  silica  may  also  be  prepared  by  another  method,  which  is 
very  inatruclive,  inasmuch  as  it  is  the  basis  of  the  proceeding 
adopted  in  the  analysis  of  all  siliceous  minerals.  Powdered  rock- 
crystal  or  fine  sand  is  mixed  with  about  three  times  its  weight  of 
dry  sodium  carbonate,  and  the  mixture  fused  in  a  jilatinum  crucible. 
When  cold,  the  glassy  mass  is  boiled  with  water,  by  wliich  it  is 
softened,  and  almost  entirely  dissolved.  An  excess  ol  hydrochloric 
acid  is  then  added  to  the  filtered  liquid,  and  the  whole  evaporated 
to  complete  dryness.  By  this  treatment  the  gelatinous  silica 
thrown  down  by  the  acid  becomes  completely  insolulile,  and  remains 
behind  when  the  dry  saline  mass  ia  treated  with  acidulated  water, 
by  which  the  alkaline  salU,  alumina,  ferric  oxide,  lime,  and  many 
other  bodies  which  may  happen  to  be  present,  are  removed.  The 
silica  is  washed,  dried,  and  heated  to  redness. 

The  most  prominent  characters  of  silica  are  the  following  : — It 
is  a  very  fine,  white,  tasteless  powder,  having  a  density  of  about 
2'66,  fusible  only  by  the  oxv-hydri^n  blow-pipe.  When  once 
dried  it  is  not  sensibly  soluble  in  water  or  dilute  acids  {with  the 
exception  of  hydrofluoric  acid).  But  on  adding  hydrochloric  acid 
to  M  very  dilute  solution  of  potassium  silicat*,  the  liberated  silica 
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remains  in  solution.  From  this  mixed  solution  of  silica  and 
potassium  chloride,  the  latter  may  be  separated  by  diffusion  (comp. 
p.  146),  whereby  a  moderately  concentrated  solution  of  silica  m 
water  is  obtained.  This  solution  has  a  distinctly  acid  reaction  :  it 
presents,  however,  but  little  stability.  When  kept  for  some  time 
it  gelatinises,  the  silica  separating  in  the  insoluble  modification. 
The  same  effect  is  produced  by  tne  addition  of  a  few  drops  of 
sulphuric  or  nitric  acid,  or  of  a  solution  of  salt. 

Silica  is  essentiaUy  an  acid  oxide,  forming  salts  with  basic 
metallic  oxides,  and  decomposing  all  salts  of  volatile  acids  when 
heated  with  them.  In  strong  alkaline  liquids  it  is  freely  soluble. 
When  heated  with  bases,  especially  those  which  are  capable  of 
undergoing  fusion,  it  unites  with  them  and  forms  salts,  wnich  are 
sometmies  soluble  in  water,  as  in  the  case  of  the  potassium  and 
sodium  silicates,  when  the  proportion  of  base  is  considerable. 
Common  glass  is  a  mixture  of  several  silicates,  in  which  the  reverse 
of  this  happens,  the  silica  being  in  excess.  Even  glass,  however, 
is  slowly  acted  upon  by  water.  Finely  divided  silica  is  highly  useful 
in  the  manufacture  of  porcelain. 

Silicon  Hydride*  or  SUicated  Hydrogen,  was  discovered  by  Buff 
and  Wohler,  who  obtained  it  by  passing  an  electric  current  through 
a  solution  of  sodium  chloride,  the  positive  pole  employed  consisting 
of  aluminium  containing  silicon.  More  recently,  Wohler  and 
Martins  produced  this  gas  by  treating  magnesium  containing  silicon 
with  hyorochloric  acid.  Both  methods  yield  silicic  hydride  mixed 
with  free  hydrogen.  Friedel  and  Ladenburg,  however,  by  decom- 
posing silicic  tnethyl-formate  (see  Silicic  Ethers)  in  contact  with 
sodium,  have  obtained  it  pure,  and  shown  that  it  consists  of  28  parts 
by  weight  of  silicon  and  4  parts  of  hydrogen,  answering  to  the 
formula  SiH4.  The  reaction  by  which  it  is  produced  is  represented 
by  the  following  equation : — 

4SiH(OC8H5)3  -  SiH^  +  3Si(OC2H4)4. 

SUiclc  triethjl  SiUolc  Tetrethylic 

formate.  hydride.  tlUcmte. 

Silicon  hydride  is  a  colourless  gas.  In  the  impure  state,  as 
obtained  by  the  two  processes  above  giv^en,  it  takes  fixe  spontaneously 
on  coming  in  contact  with  the  air,  and  bums  with  a  white  flame, 
evolving  clouds  of  silica.  Pure  silicic  hydride,  however,  does  not 
ignite  spontaneously  under  the  ordinary  atmospheric  pressure ; 
but  on  passing  a  bubble  of  air  into  the  rarefied  gas  stanoing  over 
mercury,  it  takes  fire,  and  yields  a  deposit  of  amorphous  silicon 
mixed  with  silica.  On  passing  silicic  hydride  through  a  red-hot 
tube,  it  is  decomposed,  silicon  being  deposited. 

CJoMPOUNDs  OP  Silicon  and  Chlorine. — Silicon  unites 
directly  with  chlorine,  forming  a  tetrachloride,  SiCl4.  This  com- 
pound is  obtained  by  mixing  finely  divided  silica  with  charcoal 


Wli.'ii  liy.h-..rlilnHc  ,ui.!  -a'*  is.  ].ii^<v\  nv,-r 
Jiu-atiil  Ui  u  U-Mijic-raluro  Iwloiv  rudiic-s.",  a  very  vi 
liijuid  is  obtaiued,  which,  when  purified  by  il 
compositioa  of  lilkic  hydrotrkhionde,  SiHCl^  a 
Bilicon,  1  hyttrogen,  and  106'S  chlraine.  This  ci 
poied  bj  water,  forming  a  wliite  oxyReoBted  hot 
hydrotnacifU,  SijH.Oj,  which  bjr  prolonged  con 
further  decompoeed,  with  evalntion  of  hjdrogeii 

A  miiture  of  Bilicic  hydfotnchloride  and  '• 
100°  in  H  closed  vessel  l>ecame8  dark  colonred,  an 
the  bromotridilorule,  SiBrClj. 

Silieon  UtrabromiiU,  SiBr„  obtained  like 
naemblM  that  compoond,  bnt  u  less  volatile. 

S^ken  flwHiUf  SiF^,  has  been  already  descri' 
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mnlc  waight,  81.    Symbol,  P. 


diidmt^pate  and  cnunble  down  into  fertile  soil,  t 
into  the  oiganiim  of  plants,  and  ultimately  intc 
■«im»la  to  which  the  plants  serTO  for  food.    The 


are  conTeyed  to  a  rhiimipy.    This  manufactore  is  now  conducted 
on  a  very  large  scale,  the  conaumption  of  phosphorus,  for  the  appat- 
euti;  trifling  article  of  inBtantaneoua-light 
matches,  being  something  prodigiona.  _  Fig.  isi.        ■ 

Phosphoma,  when  pure,  very  much  re- 
aemblea  ia  appearance  imperfectly  bleached 
wax,  and  ie  soft  and  flexible  at  common 
temperatureB,  Its  density  is  1-77,  and  that 
of  its  vapour  4-30,  air  being  unity,  or  82 
referred  to  hydrogen  as  unity.  It  melts  at 
44°,  and  boila  at  280°.  On  alowly  cooling 
melted  phosphorus,  well-forped  dodecahed- 
rons are  sometimes  obtained.  It  ia  in- 
•oluble  in  water,  and  is  usually  kept  im- 
mersed in  that  liquid,  but  dissolves  in  oil, 
in  native  naphtha,  and  especiaU;r  io  carbon 
bisulphide.  When  set  on  fire  in  the  air, 
it  bnma  with  a  bright  flame,  generating 
phosphoric  oxide.  Phosphorus  is  exceedingly  inflammable ;  it 
Bometimeg  takes  fire  by  the  heat  of  the  hand,  and  demands  great 
care  in  its  mam^ment ;  a  blow  or  hard  rub  will  very  often  kindle 
it  A  stick  of  pnosphorus  held  in  the  air  always  appears  to  emit 
a  whitish  smoke,  which  in  the  dark  is  luminous.  This  effect  ia 
cliiefly  due  to  a  slow  combustion  which  the  phosphorus  undergoes 
by  the  oxygen  of  the  air,  and  upon  it  depends  one  of  the  methods 
employed  for  the  analysia  of  air,  aaalready  described.  It  ia  sdngular 
that  the  slow  oxidation  of  phosphorus  may  be  entirely  prevented 
by  the  presence  of  a  small  quantity  of  oleflant  gaa,  or  the  vapour  of 
ether,  or  some  essential  oil;  phosphorus  may  even  be  distilled  in 
an  atmosphere  containing  vapour  of  oil  of  turpentine  in  considerable 
quantity.  Neither  does  the  action  ^  on  in  pure  oxygen — at  least, 
at  the  temperature  of  16°-6,  which  is  very  remarkable  ;  but  if  the 
gas  be  rarefied,  or  diluted  with  nitrogen,  hydrc^en,  or  carbonic 
acid,  oxidation  is  set  up. 

A  very  remarkable  modification  of  this  element  is  known  by  the 
name  of  amorphous  phosphorus.  It  was  discovered  by 
Schriitter,  and  may  be  made  by  exposing  common  phoaphorus  for 
fifty  hours  to  a  tempemture  of  240°  to  250°,  in  an  atmosphere  which 
is  unable  to  act  chemically  upon  it.  At  this  temperature  it  becomes 
red  and  opaque,  and  insoluble  in  carbon  bisulphide,  whereby  it  may 
be  separaled  from  ordinary  phoaphorua.  It  may  1«  obtained  in 
compact  masses  when  common  phosphorus  is  kept  for  a  week  at  a 
constant  high  temperature.  Itis  a  conerent,reddi8b-brown,  infusible 
substance,  of  specific  gravity  between  2-08S  and  2-106.  It  does  not 
become  luminous  in  the  dark  until  its  temperature  is  raised  to  about 
200°,  nor  has  it  any  tendency  to  combine  with  the  oxygen  of  the  air. 
When  heated  to  260°,  it  ia  reconverted  into  ordinary  phosphorus. 

When  phosphorus  is  melted  beneath  the  surface  of  not  water,  and 
«  stream  of  oxygen  gas  forced  upon  it  from  a  bladder,  com.lra^QiTi. 


enmiee,  and  the  phosphorua  ia  converted  in  great  part  into  a  brick- 
red  powder,  whith  was  formerly  believed  to  lie  a  peculiar  Dxide  of 
phoapiioniB  ;  but  Schriitter  has  flhown  that  it  is  a  mixture,  coiisiatiag 
chiefly  ol  amorphoua  phosphorus. 

Compoundt  a/Pkoiphonu  and  Oxygen. 

There  are  two  definite  oxides  of  phoflphonta,  in  whith  the  quantities 
of  oxygen  nnited  with  the  same  (quantity  of  phosphorua  aie  to  one 
another  aa  3  to  6,  viz.  :— 


Pbcnphonii    Trioxide,     or  I 

Phosphonia  oxide,      .      t 
Phospbonu  Pentoxiile,  or  i 

Phosphoric  oiide,       ,      ( 

Both  these  are  acid  oxida,  unitiiig  with  water  and  metallic  oxidM 
to  form  Eolta,  called  phosphitse  and  phoaphates  lespectively  ; 

the  hydroftea  salts  being  also  called  phosphorous  and  phosphoric 
acid.  There  is  also  another  oxygen-acid  of  phosphorus,  containing 
a  amaUer  proportion  of  oxygen,  called  hypophosphorous  acid, 
to  which  there  is  no  correBpanding  anhydrous  oxide. 

HTpophoaphOTOua  Acid,  HjPOj. — When  phosphorus  is  l)oiled 
with  a  Bolutiott  of  lime  or  baiyla,  water  is  decomposed,  giving 
rise  to  phosphoretted  hydrogen  and  hypophos^ihorous  acid  :  the  first 
eacapea  qb  gas,  and  the  hypophosphorous  acid  remaina  as  a  barium 
salt: 

P5    +    3BaHjO,    +    6H,0    =    3BaH,{P0j)j    +    2H3P. 


The  soluble  bypophoaplut*  may  be  crystallised  out  by  slow 
evaporation.  On  adiling  to  the  liquid  the  quantity  of  aulphuric 
acid  necessary  to  precipitate  the  base,  the  hypophosphorous  acid  is 
obtained  in  solution,  and  may  be  reduced  to  a  ayrupy  consistence 
by  evaporation.  The  acid  is  very  prone  to  absorb  more  oxygen, 
and  is  therefore  a  powerful  deoxidising  agent.  All  it«  salts  are 
Boluble  in  water. 

FhoaphorooB  Oxide,  PjO,,  is  formed  by  the  slow  combustion  of 
phosphorus  in  the  air :  or  by  burning  that  substance  by  means 
of  a  very  limited  supply  of  dry  air,  in  which  case  it  is  anhydrous, 
and  presenla  the  aspect  of  a  white  powder.  Plioimhormu  add,  HjPOj 
or  3H,0.P,0j,  is  moat  conveniently  prepared  by  adding  water 
to  the  trichloride  of  phosphorus,  when  mutual  decomposition  takes 
place,  the  oxygen  of  the  water  beii^  transferred  to  the  phosphonis, 


PHOSPHOBUS.  237 

generating  phosphorous  acid,  and  its  hydrogen  to  the  chlorine  giving 
rise  to  hydrochloric  acid  : 

PCI5  +  3H2O  =.  3Ha  +  HsPOj . 

By  evaporating  the  solution  to  the  consistence  of  syrup,  the 
hydrochloric  acid  is  expelled,  and  the  residue  crystallic^es  on 
cooling. 

Phosphorous  acid  is  very  deliquescent,  and  very  prone  to  attract 
oxygen  and  pass  into  phosphoric  acid.  When  heated  in  a  close 
vessel,  it  is  resolved  into  phosphoric  acid  and  pure  phosphoretted 
hydrc^n  gas.  It  is  composea  of  110  parts  of  phosphorous  oxide 
and  54  parts  of  water,  or  31  phosphorus,  48  oxygen,  and  3  hydro- 
gen. 

Phosphoric  Oxide,  PoO^  (also  called  Anhydrous  Phosphoric  Acid, 
or  Fhosvhoric  Anhydride). — When  phosphorus  is  burned  under  a 
bell-jar  oy  the  aid  of  a  copious  supply  of  dryair,  snowlike  phosphoric 
oxide  is  produced  in  great  quantity.  This  substance  exhibits 
attraction  for  water,  stronger  even  than  that  of  sulphuric  oxide ;  in 
fact  sulphuric  oxide  may  be  prepared  by  heating  strong  sulphuric 
acid  in  contact  with  phosphoric  oxide.  Exposed  to  the  air  for  a 
few  moments,  phosphoric  oxide  deliquesces  to  a  liquid,  and  when 
thrown  into  water,  combines  with  the  latter  with  explosive  violence, 
and  is  converted  into  phosphoric  acid.  The  water  thus  taken  up 
cannot  again  be  separated. 

When  nitric  acia  of  moderate  strength  is  heated  in  a  retort  with 
which  a  receiver  is  connected,  and  &agments  of  phosphorus  are 
added  singly,  taking  care  to  suffer  the  violence  of  the  action  to 
subside  glter  each  addition,  the  phosphorus  is  oxidised  to  its 
maximum,  and  converted  into  phosphoric  acid.  By  distilling  off 
the  greater  part  of  the  nitric  acid,  transferring  the  residue  in  the 
retort  to  a  platinum  vessel,  and  then  cautiously  raising  the  heat  to 
redness,  the  phosphoric  acid  may  be  obtained  pure.  This  is  the 
glacial  phosphoric  acid  of  the  Pharmacopoeia. 

A  third  method  of  preparing  phosphoric  add  consists  in  taking  the 
acid  calcium  phosphate  produced  by  the  action  of  sulphuric  acid 
on  bone-earth,  precipitating  it  with  a  slight  excess  of  ammonia 
carbonate,  separating  oy  a  mter  the  insoluble  calcium  salt,  and  then 
evaporating  and  igniting  in  a  platinum  vessel  the  mixed  phosphate 
and  sulphate  of  ammonia.  Phosphoric  acid  alone  remains  behind. 
The  acid  thus  obtained  is  somewhat  impure. 

One  of  the  most  advantageous  methods  of  preparing  pure  phos- 
phoric acid  on  the  large  scale,  is  to  bum  phosfphorus  in  a  two-necked 
glass  globe  through  which  a  current  of  dry  air  is  P^iss^  •  ^  ^^ 
way  the  process  may  be  carried  on  continuously.  The  phosphoric 
oxide  obtained  may  be  preserved  in  that  state,  or  converted  into 
hydrate  or  glacial  acid,  by  addition  of  water  and  subsequent  fusion 
in  a  platinum  vessel. 

Gladal  phosphoric  acid, or  metaphosphoric  acid,  is  exceedingly 


I'CIj  +  4££p  =  5HC1  +  Hjl' 

Tiie  aqueoiia  uAutioD  evaporated  to  a  thim  b^ 
of  vitriol,  depOHiU  orUu^hosphoric  acid  in  pnei 
same  solutioa  may  be  lieatea  to  160°  without  < 
poeitioD  ofllieacid;  bat  atSlS'  it  gives  off  a  mo 
la  converted  into  pTTophosphoric  acid  ;  and  at 
off  iiiintlii-r  iiiiili'i'ile  of  water,  and  leavea  mi 
En.  Ii  .  f '1  -I  1.1-  fonns a diBtinct  class  of  salts,  i 
]i  They  will  be  desoribedin  i 

1^.  Jine  COTnpounds. 

i  i^uo^i.^..^  u^,;^  is  r^dil^  volatiliBed,  and  n 
the  heat  of  an  ordinary  spint-lamp.  The  acid 
plfttinum  cTudble  at  a  led-heat ;  at  this  temi 
con^eiable  qnantitiea  of  vapour,  but  is  still  t 
p<»mt.  Pboepnoric  acid  is  a  very  powerful  acid  ; 
than  ndphuric  add,  it  expels  the  latter  at  hi 
alllion^  it  is  dispUiwd  by  sulphuric  add  at  cod 
Its  solutioti  has  an  intensely  sour  tasle,  and  redi 
it  ii  not  poisonous. 

Gmfoand*  ofPhotphonu  and  Hydi 

Fhonjkonu  Tiiby&tia».—Phoipk\m.—Pluit^ 

PH,. — This  body  is  analogous  in  some  of  ita  cb 

amnKmiocal  gas ;  its  alkaline  properties  are,  howt 
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extremity  of  the  latter  made  to  dip  into  the  water  of  the  pneumatic 
trough.  In  the  reaction  which  ensues,  the  water  is  decomposed,  and 
both  its  elements  combine  with  the  phosphorus. 

Pg   +   3CaHjOj   +    6H2O   -   2PH3   +   3CaH4P,04 

Calclom  Calciam 

hydroxide.  hjpophosphlte. 

The  phosphoretted  hydrogen  prepared  by  the  latter  process  has  the 
singul^  property  of  spontaneous  inflammability  when  admitted  into 
the  air  or  into  oxygen  gas ;  with  the  latter,  the  experiment  is  very 
beautiful,but  requires  caution  :  the  bubblesahould  be  admitted  singly. 
When  kept  over  water  for  some  time,  the  gas  loses  this  property, 
without  otherwise  suffering  any  appreciable  change  ;  but  if  dried  by 
calcium  chloride,  it  may  be  kept  unaltered  for  a  much  longer  time. 
Paul  Th^nard  has  shown  that  the  spontaneous  combustibility  of 
the  gas  arises'from  the  presence  of  the  vapour  of  a  li(^uid  hydrogen 
phosphide,  PHj,  which  can  be  procured  in  email  quantity,  by  convey- 
ing the  gas  produced  by  the  action  of  water  on  calcium  phosphide 
through  a  tube  cooled  by  a  freezing  mixture.  This  substance  forms 
a  colourless  liquid  of  high  refractive  power  and  very  great  volatility. 
It  does  not  freeze  at  0°  F.  (  — 17'8°  C.)  In  contact  with  air  it  in- 
flames instantly,  and  its  vapour  in  very  small  quantity  communicates 
spontaneous  inflammability  to  pure  phosphoretted  hydrogen,  and  to 
all  other  combustible  gases^  It  is  decomposed  by  light  into  gaseous 
phosphoretted  hydrogen,  and  a  solid  phosphide,  Pjli,  which  is  often 
seen  on  the  insiae  of  jars  containing  gas  which,  by  exposure  to  light, 
has  lost  the  property  of  spontaneous  inflammation.  Strong  acids 
occasion  its  instantaneous  decomposition.  It  is  as  unstable  as  nydro- 
gen  dioxide.  It  is  to  be  observed  that  pure  phosphoretted  hydrogen 
gas  itself  becomes  spontaneously  inflammable  if  heated  to  the  tem- 
perature of  boiling  water. 

Pho8})horetted  hydrogen  decomposes  sereial  metallic  solutions, 
giving  rise  to  precipitates  of  insoluble  phosphides.  With  hydriodic 
acid  it  forms  a  crystalline  compound,  PH4I,  somewhat  resembling 
sal-ammoniac. 

Com^pounds  of  Phosphorus  toith  Chlorine, 

Phosphorus  forms  two  chlorides,  analogous  in  composition  to  the 
oxides,  the  quantities  of  chlorine  combined  with  the  same  quantity 
of  phosphorus  being  in  the  proportion  of  3  to  5. 

Phosphorus  Trichloride,  or  Phosphorous  Ghloride,  PCI3,  is 
prepared  in  the  same  manner  as  sulphur  oichloride,  by  gently  heating 
phosphorus  in  dry  chlorine  gas,  the  phosphorus  being  in  excess  ;  or 
oy  passing  the  vapour  of  phosphorus  over  fragments  of  calomel 
(mercurous  chloride)  contained  in  a  glass  tube,  and  strongly  heated. 
It  is  a  thin,  colourless  liquid,  which  fumes  in  the  air,  and  has  a 
powerful  and  offensive  odour.  Its  specific  gravity  is  1*46.  Thrown 
into  water,  it  sinks  to  the  bottom,  and  is  slowly  decomposed,  yielding 
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phoBphtirons  acid  and  hydrochloric  acid  :  PCI3  +  3H,0  =  SB.CI  4- 

FhoBphonia  Pentschloride,  or  PhOBphoric  Ohloride,  PCl^  is 

fonued  wlieii  phoejihorus  ia  burned  in  excess  of  uhlorine.     Pieciii  of 

Shosphcinis  are  introducedintoalargetubuktedretort,  which  is  lien 
Ilea  \i'ith  dir  chlorine  ^,  The  phosphorus  taies  fire,  and  buma 
with  a  pale  flame,  forming  a  white  volatile  crvBtalline  euhlimate, 
which  ia  the  pentachloride.  It  may  be  obtained  in  larcer  quanlitj 
by  psHsing  a  Btreani  of  dry  chlorine  gas  into  the  liquid  trichloride, 
which  becomee  pradually  coovertea  into  a  solid  cryalallinc  niaaa. 
Physphorua  pentachloride  is  deccimpoaed  by  water,  vieldtng  phoB- 
phoric  and  hydrochloric  acids  r  PClj+4H,0-5HCl+H,PO,. 

PhosDhoma  Oxyehloride.  POClj,  ia  prodneed,  together  with 
hydrDcinoric  acid,  when  phosphonia  pentachloride  in  heated  with  a 
quantity  of  water  insuificient  to  convert  it  into  phosplioric  acid.  It 
mav  ttlBo  he  prepared  by  diatillin^  the  pentachloride  with  dehydrated 
oxalic  acid,  or  try  diEtuliiig  a  mixture  of  phosphorus  pentachloride 
and  phosphoric oiide.  It  is  acolourleas  liquid,  of  «p.  pr.  1-7,  poefeas- 
ing  a  very  piin);;enl  odour,  boiling  at  11  ()^,  n-nihly  decomposed  by 
water  uilo  hydrochloric  and  pho.'-iihoric  acids. 

A  svlphochloride  of  analocoUB  composition  is  produced  by  the  action 
of  hydrogen  aulpliide  on  the  pentachloride.  It  is  a  colourleKs  oily 
liquid,  decomposed  by  water. 

Tvo  brimidii  of  pluisphonts,  aa  ta^ftromirfe,  and  a  siilpliobrnmirie, 
are  known,  corresrjonding  in  composition  and  properties  with  the 
chlorine  conipounds,  and  obtained  by  similar  proceRses. 

Phosphorus  forms  also  two  iodides,  Pl^and  PI,.  Both  are  obtained 
by  dissidving  phosphorus  aud  Iodine  together  in  carbon  bisulphide, 
and  cooUng  the  Jiqiiid  till  crystals  are  deposited  Wiiutever  propor- 
tions of  iodine  and  phosphorus  may  be  use<l,  these  two  coinpounda 
always  crystalliEse  out,  mixed  with  excess  either  of  iodine  or  of  phiw- 

The  di-%odid4  melts  at  110°,  forming  a  red  liqiiid  which  condenses 
to  a  light  red  solid.  The  tri-iodidt  melts  at  55  ,  and  cr^'stallises  on 
cooling  in  well-defined  prisms.  Both  are  decomposed  by  water, 
yielding  hydriodic  and  phosphorouB  acids,  the  di-iodide  also  deposit- 
ing yellow  flakea  of  phosphorus. 

Compounds  of  Pkofpkonu  with  Sulphur  and  Se/eiiium. 

SulphidSB. — When  ordinary  phosphorus  and  sulphur  are  heated 
tt^ther  in  the  dry  state,  or  meltea  together  uniler  water,  combina- 
tion taiea  plac«,  attended  with  vivid  combustion,  and  often  with  vio- 
lent explosion.  When  amorphous  phosphorus  ia  used, 
19  not  exploaire,  though  atill  very  rapid. 
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Six  compounds  of  sulphur  and  phosphorus  have  been  prepared 
containing  the  following  proportions  of  sulphur  and  phosphorus  : — 


Compottition  by  weight. 


Hemisalphide,  P4S, 
Monosolphide,  P,S, 
Sesquisulphide,  p4^ 
Trisulphide,  P^gi 
Pentasulphide,  P«Sb, 
Dodecasulphide,  r^ 


PhoBphonit.        Sulphur. 


i» 


31 
81 
81 
81 
31 
31 


+ 
+ 
+ 
+ 
+ 
+ 


8 
16 
24 
48 
80 
192 


The  fourth  and  Mth  are  analogous  to  phosphorous  and  phosphoric 
oxides  respectively  ;  the  others  have  no  known  analogues  in  the 
oxygen  series.  Thejr  may  all  be  formed  by  heating  the  two  bodies 
together  in  the  required  proportions ;  but  the  trisulphide  and  penta- 
sulphide are  more  easily  prepared  by  warming  the  monosulphide 
with  additional  proportions  of  sulphur.  Moreover,  the  two  lower 
sulphides  exliibit  isomeric  modifications,  each  being  capable  of  exist- 
ing^as  a  colourless  liquid  and  as  a  red  solid. 

The  mono-,  tri-,  and  pentasulphides  of  phosphorus  unite  with 
metallic  sulphides,  forming  sulphur  salts.  The  copper  salts  have 
the  following  composition  : — 

Hyposulphophosphite,  CUS.P2S      =     CuPgSg. 
Sulphophosphite,  CuS.PjSg     =     CUP2S4. 

Sulphophosphate,  CuS.PaSfi     =     CuPaSg. 

Selenidefl  of  PhosphoraB,  analogous  in  composition  to  the 
first,  second,  fourth,  and  fifth  of  the  sulphides  above  mentioned,  are 
produced  by  heating  ordinary  phosphorus  and  selenium  together  in 
the  required  proportions  in  a  stream  of  hydrogen  gas.  The  hemi- 
seleniae  is  a  dark  yellow,  oily,  fetid  liquid,  solidifying  at  12^ ;  the 
other  compounds  are  dark  red  solios.  The  mono-,  tri-,  and 
pentaseleniues  unite  with  metallic  selenides,  forming  selenium-salts 
analogous  to  the  sulphur-salts  above  mentioned. 


FOWNE8.— roi.  L 


Ibundtd  thereon,  a  skeMh  of  whicb  ]i;i.i  already  liwii 
chapter  on  Orynen  (pp.  123-128y 

The  laws  in  question  are :  (I.)TheLaw  of  Equival 
iuK  to  which  the  replacement  of  ctGiriGiit!i  one  by  an 
takes  place  in  definite  proportion;— (2.)  The  Law  of 
ftcconunj(  to  which  the  eeveml  ijiiaiiTilien  of  an  elem 
can  unite  with  a  fixed  qnantity  of  imotlier  element 
one  annt1ij>r.  f.^r  tli"  rvi-t  ymrt.  in  ^Imyili'  numerical  prop 
(d.H,TV  iiM.d  ..f  il-  -■  I  iv>  -  !■  .-  !■■  1  t.i  lliridea  that  tl 
liiidii-.  -I  i::.i.'  ■j,.i,|.i.-  .'.  !■  ,riicli-.i  illed  fttomi 
a  eouHtant  weight  peculiar  to  itself;  and  that  chemical 
takes  place  bj  the  juitapoaition  of  these  atome,  1  to  1, 
S  to  3,  Sk.,  a  group  of  atoms  thus  iinit«d  being  called 
This  is  the  atomic  hypotheaia  of  Dalton. 

EqniTftlenta. — The  equivalent  weight  of  an  elei 
comparod  with  that  of  hjdtogen,  taken  as  unity,  i 
casea  ha  determined  fay  direct  aafaatitution.  Thus,  ^ 
diMolves  in  hrdrochloric  or  sulphuric  acid,  the  qc 
metal  which  takes  the  place  of  1  port  by  weight  of  u 

S Divalent  weight.  In  this  manner  it  is  found  that  I 
■odium  is  83,  of  zinc  33'6,  of  magnesiiun  12,  &c 
OTsanic  compounds— acetic  acid,  for  example — arc  a 
chlorine  and  bromine  in  such  a  manner  that  1  part  of 
is  removed  and  ita  place  supplied  by  chlorine  or  brc 

'   '   -  —-->■•  '■— n.   minr«.  &C.1  of  hydrogen  thus  ' 
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weights  of  elements  may  be  detenuined  without  recourse  to  direct 
substitution,  which  is  not  always  practicable. 

The  left  hand  column  of  the  following  table  contains  a  list  of 
those  metallic  or  basjlous  elements  which  unite  in  one  proportion 
only  with  the  four  non-metallic  or  chlorous  elements  in  the  right 
hand  column,  the  numbers  opposite  to  each  element  showing  the 
proportions  in  which  the  combination  tiJces  place  .(«.^.  12  magne- 
sium with  35*4  chlorine,  39*1  potassium  with  80  bromine,  &c.),  or, 
in  other  words,  the  equivalent  weights. 


Eqniv. 

EqalT. 

Hydrogen 

1 

Fluorine    . 

.       19 

Beryllium 

4*7 

Chlorine    . 

85*4 

Aluminium 

318 

Bromine    . 

.       80 

Lithium 

7 

Iodine 

.     127 

Magnesium 

12 

Calcium 

20 

Sodium 

23 

Zinc 

82-6 

Indium 

87*7 

Potassium 

39*1 

Strontium 

43-8 

Barium 

68*7 

Rubidium 

85*4 

Caesium 

.     133 

These  numbers,  as  will  be  explained  further  on,  are  also  the  rela- 
tive quantities  of  the  several  elements  which  would  be  separated 
from  their  compounds  by  an  electric  current  of  given  strength : 
thus,  if  the  same  current  were  passed  through  solutions  of  somum 
bromide,  potassium  iodide,  and  zinc  chloride,  the  quantities  of 
sodium,  potassium,  zinc,  bromine,  iodine,  and  chlorine  simultaneously 
separated  would  be  to  one  another  in  the  proportion  of  the  numbers  in 
the  table. 

In  most  cases,  however,  combination  between  two  elements  takes 
place  in  more  than  one  proportion,  and  in  such  cases  the  notion  of 
equivalent  value  becomes  less  definite  ;  in  fact,  such  elements  may 
be  said  to  have  as  many  equivalent  weights  as  there  are  ways  in  which 
they  can  combine  with  others.  Thus,  tin  forms  two  series  of  com- 
pounds, the  stannous  compounds,  in  which  59  parts  of  the  metal 
unite  with  35*5  of  chlorine,  80  of  bromine,  127  of  iodine,  &c.,  and 
the  stannic  compounds,  in  which  half  that  quantity  of  tin,  viz.,  29*5 
parts,  discharges  the  same  function;  tin  has  therefore  two  equivalents, 
viz.,  59  in  the  stannous  and  29*5  in  the  stannic  compounds.  In  like 
manner,  the  equivalent  of  iron  is  28  in  the  ferrous  and  18J  in  the 
ferric  compounds.* 

*  In  such  cases  it  is  sometimes  supposed  that  the  two  classes  of  compounds 
contain  different  metallic  radicles,  combined  with  the  same  quantity  of  a  non* 
metallic  or  chlorous  element,  the  stannous  compounds,  for  example,  being  sup- 
posed to  contain  a  radicle  called  stanrumim  (eq.  59),and  the  stannic  com- 
poimds  another  radicle  called  stinnieum  (eq.  29 '5).    ThiSy  however^  la  o.  Ta&\^ 


Miiuli  tliiiifjus  thu  eximbiiiii  of  part  uf  tli<;  liydi 
of  a  compound  containing  both  hjdroges  tutd 
viUi  the  chlorine. 

Wth  wotiT,  however,  the  case  is  differen 
throim  ii]ir>ii  irater,  16  parte  of  that  compou 
16  oxyj^fn)  .vrrdecompoHea,  in  Bucha  manner  t 
gen  JH  f>[;>L'lk'i  hj  an  eqniralent  quantity 
sojiiim  lij-ilroxide  is  formed,  containing — 

Sodium.  Hydrogen.  Ox] 

23+1+1 

Tliis  compound  nmajna  in  the  solid  etaXe  • 
evaporated  to  dryu(.Hg  ;  and  if  it  be  further  hea 
eodium,  tlie  remiiiiiing  half  of  the  hydrc^n 
anbydroua  sodiiun-oride  remains,  composed  of 
]6  oiygED. 

Water  differe,  tht-rsfore,  from  hydrochloric  ac 
that  its  hydrogen  luuy  be  replaced  by  sodium  in 
yielding  succesaivelv  a  hydroxide  and  an  anhydr 
tioiu  oT  which  to  ilie  original  compound  nu 
Bcnted  ; — 
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The  weights  of  the  three  atoms  concerned  in  this  reaction  are  to 
one  another  in  the  same  proportion  as  the  equivalent  weights,  or, 
taking  the  hydrogen  as  the  unit  in  each  case,  we  may  say  that  the 
atomic  weights  of  sodium  and  chlorine  are  identical  with  their 
equivalent  weights. 

^2.)  Each  molecule  of  water  must  be  supposed  to  contain  two  atoms 
of  hydrogen :  for  if  it  contained  only  one  atom,  then  since  the  first 
action  of  the  sodium  is  to  expel  only  half  the  hydrogen,  it  would 
follow  that  each  atom  of  hydrogen  would  be  split  into  two,  and  that 
each  molecule  of  sodium  hydroxide  would  contain  only  half  an  atom 
of  hydrogen ;  this,  however,  is  at  variance  with  the  fundamental 
notion  of  atoms,  namely,  that  they  are  indivisible.  These  two  atoms 
of  hydrogen  are  combined  with  a  quantity  of  oxygen  w^ighinc  16, 
which  is  therefore  the  smallest  quantity  of  oxygen  capalue  of 
entering  into  the  reaction  under  consideration: 


H 

H 

0     +     Na    =     H 

Na 

0      + 

H 

1 

1 

16            23             1 

23 

16    • 

1 

and  we  shall  hereafter  find  that  the  same  is  true  with  regard  to  all 
other  well-defined  reactions  in  which  oxygen  takes  part.  Hence 
this  quantity  of  oxygen,  16  parts  by  weignt  (hydrogen  being  the 
unit),  is  regarded  as  the  weight  of  the  atom  of  oxygen. 

This  atomic  weieht  of  oxygen  is  not  equal  to  the  equivalent  weight, 
as  in  the  case  of  cnlorine,  out  twice  as  great,  8  parts  of  oxygen  being 
the  quantity  which  is  capable  of  replacing  one  part  of  hydrogen  in 
combination,  and  may  in  many  cases  be  directly  substituted  for  it, 
as  when  alcohol,  a  compound  of  12  parts  carbon,  3  hydrosen,  and  8 
oxygen,  is  oxidised  to  acetic  acid  containing  12  carbon,  2  hydrogen, 
and  16  oxygen. 

Let  us  now  consider  the  hydrogen-compound  of  nitrogen,  that 
1b  to  say,  ammonia.  This  is  composed  of  1  part  of  hydrogen 
imited  with  4}  or  V  of  nitrogen.  Now  in  this  compound  the 
hydrogen  is  replaceable  by  thirds,  or  3  parts  hydrogen  wiui  14  parts 
mtrogen.  When  potassium  is  heated  m  ammonia  gas,  a  compound 
called  potassamine  is  formed,  in  which  one-third  of  the  hydro- 
gen is  replaced  by  potassium.  Another  compound,  called  tri- 
potassamine,  is  also  known,  consisting  of  ammonia  in  which  the 
whole  of  the  hydrogen  is  replaced  by  an  equivalent  quantity  of 
potassium. 

There  is  also  a  large  class  of  compounds  derived  from  ammonia 
in  like  manner  by  the  replacement  of  i,  |,  or  the  whole  of  the 
hydrogen  by  equivalent  quantities  of  certain  groups  of  elements 
caUed  compound  radicles  (see  page  276).  Hence,  by  reasoninff 
similar  to  that  which  was  above  applied  to  water,  it  is  inferrea 
that  the  molecule  of  ammonia  contains  3  atoms  of  hydrogen,  and 
that  the  atomic  weight  of  nitrogen  is  14.  Moreover,  in  certain 
organic  compounds  this  quantity  of  nitrogen  may  be  substituted 
for  3  parts  of  hydrc^n,  or  V  nitrogen  tor  i  V^'^tes^sa.s  ^^s^ssfc- 


quentlv  tli«  atomic  weight  of  nitn^n  is  three  times  its  equivaleut 
weicht". 

Niixt  taku  the  cose  of  marsh  gat  or  methane,  a  compotmd  of  1  part 
hvdroifeii  with  3  parts  carbon,  or  4  of  hydrogen  with  12  of  carbon. 
When  this  gas  is  iiiised  with  chlorine,  and  expoeed  to  ditfivw  day- 
light, a  new  compound  is  formed,  in  which  one-fourth  of  the  hydro- 
gen belonging  to  the  nianhoas  ia  replaced  by  an  equivalent  quantity 
of  chlorine  ;  and  if  the  chlorme  ia  iu  excess,  and  the  mixture  exposed 
to  sunshine,  three  other  compounda  are  formed,  in  which  one-hali^ 
three-fourths,  and  all  the  hydro|;ea,  are  thus  replaced.  The  results 
may  be  thus  eapressed  : — 

Methane. 

carbon*  Hydrogen. 


12     -F      1      -K      1      -f      1  -H      1 
Cliloronietiiaue, 

rbon.                    Hydnfm.  Chlorine. 

12      +      1      -f       1      -1-      1  -f-      35-5 


Dichloromethane. 


2      +      1      +      1      +      35'5      -1-      35-5 
Triehlorometiane  or  Clilorofonii. 


1     +     35-5     +     -IS-S     + 
Te  trachloromethane. 


12     +     35-5     +     35-5      +     3fl-5     +     35-5 

Hence,  by  reasoning  niuiilar  to  the  aboTe,  it  is  inferred  that  the 
molecule  of  methane  conloins  4  atoms  of  hydrti(,'en,  and  that  the 
atomic  weight  of  carI>on  is  12.  Moreover,  as  this  <juantity  of  car- 
bon can  unite  with  4  x  35'5  parts,  or  4  atoms  of  chloiine,  it  follows 
that  the  atomic  weight  of  carbon  is  equal  to  four  limes  its  equiva- 
leut  weight. 

We  have  thus  shown  in  three  eases  how  the  atomic  weight  of  an 
clement  may  be  determined  liy  the  proportion  in  wJiich  (.■quivalent 
substitution  takes  place  in  its  comijounos  with  hvdri^n.  Sulphur, 
selenium,  andtellurium, form  hydrogen-compounds  exactly  analogous 
in  this  resjiect  to  water,  the  hyitrtMen  being  replaceable  by  lialvis ; 
tbeir  atomiu  weights  are  theretote  double  of  their  equivalent  weights. 
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Silicon  forniB  with  chlorine  a  compound  containing  7  parts  silicon 
with  35*5  parts  chlorine  ;  and  in  this  one-fourth  oi  the  chlorine  is 
replaceable  by  hydrogen  or  by  bromine  :  hence  the  atomic  weight 
of  silicon  is,  like  that  of  carbon,  equal  to  four  times  the  equivalent 
weight,  its  numerical  value  being  28.  There  are  also  some  elements 
in  which  the  atomic  weight  is  equal  to  five  times,  others  in  which 
it  is  equal  to  six  times,  and  others  in  which  it  is  perhaps  equal 
to  seven  times  or  eight  times  the  equivalent  weight :  higher  ratios 
have  not  been  observed. 

It  must  not  be  supposed  that  the  atomic  weights  of  elementary 
bodies  are  always  actually  determined  in  the  manner  above  de- 
scribed. There  are  several  other  methods  of  determining  their 
numerical  values,  as  will  be  presently  explained ;  and  the  values 
obtained  by  different  methods  do  not  always  exhibit  exact  agree- 
ment ;  but  the  atomic  weights  of  all  the  more  important  elements 
may  be  regarded  as  definitely  fixed  within  small  numerical  errors. 
The  equivalent  value  of  an  element,  or  the  ratio  of  the  equivalent 
to  the  atomic  weight,  is  also  subject  to  some  variation,  as  will  be 
presently  explained,  according  to  the  view  which  may  be  taken  of 
the  constitution  of  particular  compounds. 

The  values  of  the  atomic  weights  on  which  chemists  are  now,  for 
the  most  part,  agreed,  are  given  in  the  table  on  page  3. 

Physical  and  Chemical  BekUions  of  Atomic  Weights, 

The  atomic  weights  of  the  elementary  bodies  exhibit  some  re- 
markable relations  to  their  physical  properties,  and  to  the  proportions 
in  which  they  unite  by  volume. 

1 .  To  the  Specific  Heats  of  the  Elementary  Bodies. — Dulong 
and  Petit,  in  the  course  of  their  investigations  on  specific  heat,  observed 
that,  if  the  specific  heats  of  bodies  be  computed  upon  equal  weights, 
numbers  are  obtained  all  different,  and  exhibitinjz  no  simple  rela- 
tions amongst  themselves ;  but  if,  instead  oi  equal  weights, 
quantities  be  taken  in  the  proportion  of  the  atomic  weights,  the 
resulting  specific  heats  come  out  very  nearly  equal,  at  least  in  the 
case  of  solid  and  liquid  elements,  showing  that  some  exceedingly 
intimate  connection  must  exist  between  me  relation  of  bodies  to 
heat,  and  their  chemical  nature. 

In  the  following  table,  the  solid  and  liquid  elementary  bodies  are 
arranged  in  the  order  of  their  specific  heats,  as  determined  by  Beg- 
nault,  beginning  with  those  whose  specific  heat  is  the  greatest ;  and 
this  order,  it  will  be  observed,  is  the  inverse  of  that  of  the  atomic 
weights  in  the  third  column  : — 


ATOMIC  WElOUTa. 
k  HmiU  of  EUmeiitary  Bodia. 


Sp«llloH«t 

Praanctnf    1 

wu'm  =  i.| 

WelghU. 

JtSSi!. 

LUhimn, 

0'9408 

7 

6-BB 

Sodium,          .         . 

0-2834 

23 

6-76 

Aluminium,    , 

0-2H3 

27-4 

6-8B 

Ph^l.bc.n,.j^1|f 

0-2120 
0'1887 

1   „    1 

6-57 

G'SG 

Salphur,         .         . 

0'202e 

32 

6-43 

O'lflBfl 

30 

O'Sl 

0-1138 

EB 

B-37 

Nickel, 

0-1080 

68-8 

8-37 

Cobalt, 

01070 

68-8 

a -28 

Copper, 

0-0P62 

83-4 

8-04 

Zinc,       .        . 

O'OSSS 

65-2 

e-24 

Arsenic, 

O-OBli 

75 

6'10 

01)762 

7B-* 

6-oa 

Bromine  (solid). 

0  0843 

80 

6-75 

Pnllfldium, 

n-06B3 

10t!-e 

6-31 

Silver, 

0-0570 

Cadmium,       . 

0  0567 

112 

Indium, 

0  0670 

lis  4 

6-4S 

Tin,        ,         . 

0-0662 

118 

6-83 

Antimony,      . 

0-0603 

122 

6-lP          1 

Iodine, 

0-0541 

127 

e-S7 

TeUuriuni,      . 

0  0174 

l:iS 

6-06          ' 

Rold,      , 

0-032* 

197 

uas      1 

Platinuiu, 

0-0311 

197-4 

u-is 

Mercury      j  ?  ^ ', 

0-0319 
0-0838 

h"»  ! 

6-38 
6-66 

TLallium,       . 

0-0386 

204 

Lead,      .         . 

0-0314 

207 

fl-.')0 

Bismuth, 

0-0303 

210 

fi-48 

A  comparison  of  the  numbers  in  tJit  fourtJi  coluum  of  this  table 
showB  thnt,  for  o  coiisideralile  nuniber  of  elementary  bodiea  in  the 
solid  state,  the  ajtecific  heata  are  very  nearly  proportional  to  the 
atomic  weightH,  mi  that  the  products  of  the  specific  hente  of  the 
elements  into  tJieir  atomic  wei|»hts  give  nearly  a  constant  qimntity, 
the  mean  value  being  6-4.  This  quantity  may  be  tiiketi  to  repre- 
sent the  atomic  heat  of  the  several  elements  in  the  solid  state,  or 
the  quantity  of  heat  which  must  be  imparted  to  or  removetl  from 
atomic  proportions  of  the  several  elements,  in  order  to  produce  er[ual 
voriations  of  temperature. 

Carbon,  boron,  ami  silicon  were  fonnerly  re^rded  as  excepti'ins  to 
this  law,  their  atomic  heats,  calculated  from  the  specific  huatu  ilctcr- 
juined  at  ordinary  temperatures,  being  considerably  below  the  mean 
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value  of  those  of  the  other  elements,  as  shown  by  the  following 
table: — 


ElementBw 

SpedflcHeat. 

Atomic 
Weighto. 

Prodact  of 
Sp.  Heat  X 
At.  Weight 

Boron,      .... 

(  wood  charcoal,    . 
Carbon  <  graphite,     . 

r  diamond,    . 

Silicon  j^^'jyi^.        ; 

0-2600 
0-2415 
0-2008 
0-1469 
0-1774 
0-1760 

1     28 

2-76 
2-90 
2-41 
1-76 
4-97 
4-70 

F.  Weber  has,  however,  lately  shown  *  that  the  specific  heats  of 
these  three  bodies  increase  rapidly  at  higher  temperatures,  and  that 
at  particular  temperatures  (about  600°  for  carbon)  tiiey  become  con- 
stant, giving  for  the  atomic  heats  a  mean  value  of  aoout  6,  which 
is  nearly  tne  same  as  that  of  other  elements  of  small  atomic 
weight,  like  aluminium  and  phosphorus,  thus : — 


Sp.  Heat. 

At  Weight 

At  Heat 

Silicon, 

0-203 

28 

6-7 

Carbon, 

0-467 

12 

6-6 

Boron,  . 

0-5 

11 

6-6 

The  specific  heats  and  molecular  weights  of  similarly  constituted 
compounds  exhibit,  for  the  most  part,  the  same  relation  as  that 
which  is  observed  between  the  specific  heats  and  atomic  weights  of 
the  elements. 

2.  To  the  CiTstalline  Forms  of  Oompounds. — It  is  found  that, 
in  many  cases,  two  or  more  compounds  which,  from  chemical  con- 
siderations, are  supposed  to  contean  equal  numbers  of  atoms  of  their 
respective  elements,  crystallise  in  tne  same  or  in  very  similar 
forms.  Such  compounos  are  said  to  be  i&omorphous.f  Thus  the 
sulphates  constituted  like  magnesium  sulphate,  MgS04+7H20,  are 
isomorphous  with  the  corresponding  selenates,  MgSe04+7H20. 

Accordingly,  these  isomorphous  relations  are  often  appealed  to 
for  the  purpose  of  fixing  the  constitution  of  compounds,  and  thence 
deducing  the  atomic  weielits  of  their  elements,  in  cases  which  would 
otherwise  be  doubtful.  Thus  aluminium  forms  only  one  oxide,  viz., 
alumina,  which  is  composed  of  18'3  parts  by  weight  of  aluminium 
and  16  parts  of  oxygen.    What,  then,  is  the  atomic  weight  of 

♦  Ann.  Chim.  Phys.  [6].  viii  182. 
flo-oY,  equal ;  iiop^,  form. 


250  ATOMIC  WEI0UT8. 

aliuninium  i  The  answer  to  thia  question  will  depend  upon  the 
constitution  assignvd  to  alumina,  whethoT  it  is  a  monnxide,  aeequi- 
oxide,  ilioMde,  &e.    Thus ; — 

a  AL 

Mtmoiide        .    AIO        -      16  +        18-3 

SetKiuioxide       .     Ai,0,      =       48  +       |  a?!^ 

Dioxide    .         ,     AlOj        =        32  +         36-6 

Trioxiik  .        .    AJOj       =      48  +        548 

The  niimTiers  m  the  I&at  column  of  this  tablu  axe  the  weights 
which  must  Ije  aBsignnd  to  the  atom  of  aluminium,  according  lo  the 
several  niodea  of  conslitulioD  indicated  iu  the  first  column;  but 
there  is  nothing  in  the  constitution  of  the  oxide  itself  tliat  con 
enable  us  te  decide  between  than.  Now,  iron  forma  two  oxides, 
in  which  the  quantities  of  oxygen  nniled  uith  the  same  onnnti^ 
of  iron  are  to  one  auother  m  I :  IJ,  or  as  2 : 3.  The«e  are  tneTefore 
regarded  as  monoxide,  FeO,  and  seequiozide,  Fe,0^  and  this  last 
oxide  is  knr>wn  to  be  isomorphous  with  alumina.  Congequentl; 
alumina  is  aJsn  iv|,'ardi'd  an  a  Bpsquioxiiic,  Al^Oj,  sinii  the  atiimic 
weight  of  alliTiiiuimii  is  iiifi-nvd  to  be  27'4. 

3.  Totheyolume-reUtionaofEUmentsandGompoundB.— 

The  atomic weightsoftbone  elements  which  are  kuown  to  exist  in  tlie 
state  of  f-aa  or  vapour  are,  with  one  or  two  exceptions,  proportional 
to  their  specific  gravities  in  the  same  state.  Taking  the  specific 
gravity  ofLydrogenasiinity,  those  of  the  following  gases  and  i-Hpoura 
are  expressed  by  numbers  identical  with  their  atomic  weights  : — - 


Chlnriiie  .       3BB    Suliihur  ...       32 

Btomine         .         .         .80       Seloninm  ...       78 

Iodine  .  .     127     ]  Tellurium  .  .128 

The  exceptions  to  this  rule  are  exhibited  by  phoinihonu  and 
anenic,  whose  vapour-densities  are  twice  as  great  as  their  atomic 
weights,  that  of  phosphorus  being  62,  and  that  of  arsenic  150;  and 
by  mercnry  and  eadmium,  whose  vapour-densities  are  tlie  halves 
of  their  atomic  weights,  that  of  mercury  being  100,  and  that  of 
cadmium  56. 

From  these  relations,  considered  in  connection  with  alwve  ex- 
plained laws  of  combination  by  weiehtjit  follows  that  the  volumes  ot 
any  two  elementary  gases  which  mate  up  a  coni)ioimd  molecule,  are  to 
one  another  in  the  same  ratio  as  the  numbers  of  atoms  of  the  same 
elements  which  enter  uito  the  compound,  excepting  in  the  case  of 
phosphorus  and  arsenic,  for  which  the  number  of  volumes  thus 
determined  has  to  be  halved,  and  of  n  .       .    ■ 

which  it  must  be  doubled;  thus — 
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The  molecule  HCl    contains    1  voL  H  and  1  vol.  CI 
„        HjO         „  2    „    H    „    1    „    O 


H,N  „          3  „  H    „    1  „  N 

^'^  »  J  or  6  „  H    „    1  „  P 

n  Ah  )       3  „  CI    „    i  „  As 

^^3^  "  )  or  6  „  CI    „    1  „  As 

CljHg  „          2  „  CI    „    2  „  Hg 


If  the  smallest  volume  of  a  caseous  element  that  can  entei  into 
combination  be  called  the  combining  volume  of  that  element,  the 
law  of  combination  may  be  expressed  as  follows  : — The  combining 
volumes  of  aU  elementary  gases  are  equal,  excepting  those  of  phosphorus 
and  arsenkj  which  are  only  half  mose  of  the  other  demenis  in  the 
gaseous  state,  and  those  ofm/ercury  and  cadmivm,  which  are  double 
those  of  the  other  elements. 

It  appears,  then,  that  in  all  cases  the  volumes  in  which  gaseous 
elements  combine  together  may  be  expressed  by  very  simple 
numbers.  This  is  the  "  Law  of  Volumes,*'  first  observed  by  Hum- 
boldt and  Gky-Lussac  in  1805,  with  regard  to  the  combination  of 
oxygen  and  hydrogen,  and  afterwards  established  in  other  cases  by 
Oay-Lussac,  whose  observations,  published  in  his  "Theory  of 
Volumes,"  afforded  new  and  independent  evidence  of  the  combina- 
tion of  bodies  in  definite  and  multiple  proportions,  in  corroboration 
of  that  derived  from  the  previously  observed  proportions  of  com- 
bination by  weight. 

Gay-Lussac  liewise  observed  that  the  product  of  the  union  of 
two  gases,  when  itself  a  gas,  sometimes  retams  the  original  volume 
of  its  constituents,  no  contraction  or  change  of  volume  resulting 
from  the  combination,  but  that  when  contraction  takes  place,  which 
is  the  most  common  case,  the  volume  of  the  compouna  gas  always 
bears  a  simple  ratio  to  the  volumes  of  its  elements:  and  subsequent 
observation,  extended  over  a  very  large  number  of  compounds, 
organic  as  well  as  inorganic,  has  shown  that,  with  a  few  exceptions, 
probably  only  apparent,  the  molecvies  of  compound  bodies  in  the  gaseous 
state  occupy  twice  the  volume  of  an  atom  of  hydrogen  gas.  No  matter 
what  may  be  the  number  of  atoms  or  volumes  that  enter  into  the 
compound,  they  all  become  condensed  into  two  volumes ;  thus — 

• 

1  voL  H  and  1  vol.  01  form  2  vol.  HCl,  hydrochloric  acid. 

1  ,,  N    ,,    1    ,,    0     „     2    „  NO,  mtrogen  dioxide. 

2  „  H   „    1    „    O     „     2    „  H,0,  water. 

3  ,,  H   ,,    1    ,,    N     „     2    „  HgN,  ammonia. 

3   ,,     H   ,,    i    ,,    P      ,,     2    ,,     HsP,   hydrogen  phosphide. 

Similarly  in  the  union  of  compound  gases,  e,g,, 

1  vol.  ethyl,     CjHg,  and  1  vol.  CI.  form  2  vol.  CjHgCl,   ethyl  chloride. 

2  .,    ethyl,     CjHj.   „     1    „    O       „     2    „   (CjHj),©,  ethyl  oxide. 

2    ,,    ethene,  C^H^,    ,,    2    ,,    CI      ,,     2    ,,    0,11401^  ethene  chloride. 
2    ,,    ethene,  C^H^,   „    1    „    0       >»     2    „    Q^Rfi^    ethene  oxide. 
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It  ■will  presently  be  shown,  as  at  li^aat  highly  jwolialjle,  that  the 
moitcule  of  an  elementarygBs  in  the  fre«  state  ia  made  up  of  two 
atoms,  HH  for  example.  "I^e  lnwjuBt  enunciated  may  therefore  be 
geueraliseil  as  follows.  Th4  fooUcuki  of  all  gaiet,  timpU  or  compowd, 
oesupij  tqual  mluinea;  or,  equal  volttma  of  all  gaga  coJUain  eqtuit  num- 
hera  (if  molteuhi. 

This  ia  i»lled  the  "  Law  of  Avogodro,"  having  been  first  enun- 
ciated (in  1811J  by  on  Italian  phyaiciet  of  that  name.  It  ia  quite  in 
accorilauce  witlt  tie  oliscrved  fact  that  all  perfect  gases,  simple  and 
compouud,  are  enually  affected  by  equal  vartatioUB  of  pressure  and 
tempeniture ;  and  indeed  it  may  be  shown,  by  mathematicBl  reason- 
ing, to  follow  as  a  necpssnty  consequence  from  the  physical  constitu- 
tion of  gases  as  explained  in  connection  with  the  dyiiamicol  theory 
of  heat  (pp.  6&-69) :  but  ihe  demonstration  is  not  of  a  nature  adapted 
for  an  eli'mentajy  book.  The  law  may,  however,  be  considered  as 
complelelj  eatftblished  by  the  relations  between  the  combining  pro- 
portions of  the  elements  by  weight  and  by  volume  as  already  ex- 
plained, and  it  is  now  regarded  as  affording  the  sorest  method  of  ^xing 
the  molecular  constitution  of  oil  compounds  that  can  be  obtained  in 
the  pnseoua  state,  and  the  atomic  weights  of  the  elements  contained 
in  them. 

Suppose,  for  example,  it  were  required  to  determine  the  atomic 
weight  of  tin.  This  metal  forms  a  volatile  chloride  (stannic  chloride), 
in  which  29-5  parts  by  weight  of  tin  are  combined  with  35'5  parts 
of  chlorine :  29'6  is  therefore  the  equivalent  of  tin  in  this  compound. 
Now  the  vapour-density  of  this  chloride,  or  the  weight  of  one 
volume  referred  to  hydrogen  as  unity,  is  135 ;  con8e([uently  the 
weight  of  two  volumes  of  the  vapour  is  270,  and  this  contains  1 18 
parts  of  tin  and  4 x 355  or  142  of  chlorine;  and  as  this  appears  itt 
be  the  chloride  containing  the  largest  proportion  of  chlorine,  or  the 
amalleHt  proportion  of  tin,  it  is  regarded  as  a  compound  of  4  atoms 
of  chlorine  and  1  atom  of  tin,  and  the  atomic  weight  of  tin  ia  thus 
found  to  be  118. 

When  an  element  does  not  form  any  volatile  compiunds  whose 
vapour-densities  can  be  exactly  ascertained,  its  atomic  weight  may 
be  determined  by  its  specific  heat,  according  to  the  law  of  Dnlong 
and  Petit  (p.  247),  or  by  itsisomorphous  relations  with  other  elements, 
as  already  eiplained  in  the  case  of  aluminium.  To  give  an  instance 
of  the  determination  of  the  atomic  weight  of  an  element  according 
to  its  specific  heat,  we  may  take  the  caw  of  indium.  This  metal 
forma  a  chloride  containing  35-5  parts  of  chlorine  and  37-8  parts  of 
indiimi,  which  latter  number  is  therefore  the  ei[uivalent  weii,dit  of 
the  metal.  Now  when  indium  was  first  discovered  (in  1863),  this 
chloride  was,  for  reasons  which  need  not  here  be  specified,  r^^rded 
as  a  dichloride,  InCI^,  and  consequently  the  atomic  weight  of  indium 
was  supposed  to  be  75'6.  Subsequently,  however,  Bunsen  showed 
that  the  aiwcific  heat  of  indium,  referred  to  the  unit  of  weight,  is 
0"057,  and  this  number  multiplied  by  75'6  gives  for  the  atomic  heat 
the  number  4-5,  which  does  not  agree  with  the  law  of  Dulong  and 
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Petit;  but  if  the  chloride  be  regarded  as  a  trichloride,  MCI3, 
making  the  atomic  weight  of  the  metal  equal  to  three  times  its 
equivalent  weight,  or  113*4,  the  atomic  heat  becomes  6*15,  which 
agrees  very  nearly  with  the  general  law.  This  number  113*4  is 
therefore  now  adopted  as  the  atomic  weight  of  indium. 

Specific  or  Atomic   Volume. 

These  terms  denote  the  quotient  obtained  by  dividing  the  mole- 
cular weight  of  a  body  by  its  specific  gravity.  Now  from  the  law 
of  condensation  in  the  combination  of  gases  above  detailed  (p.  251)  it 
follows  that  the  specific  gravity  of  any  compound  gas  or  vapour,  re- 
ferred to  hydrogen  as  unity,  is  equal  to  half  its  atomic  or  molecular 
weight :  hence  also,  the  specific  volv/mes  of  compound  gases  or  vapours 
referred  to  that  of  hydrogen  as  unity  are,  with  a  few  exceptions,  equal 
to  2.  It  will  presently  be  shown  that  the  same  law  applies  to  the 
specific  volumes  of  the  elementarv  gases  themselves. 

Some  compounds,  however,  exhibit  a  departure  from  this  rule, 
their  observed  specific  gravities  being  equal  to  only  one-fourth  their 
molecular  weights,  or  their  moleciues  occupying  four  times  the 
volume  of  an  atom  of  hydrogen.  Such  is  the  case  with  sal- 
ammoniac,  NH^Cl,  phosphorus  pentachloride,  PClj^  sulphuric  acid, 
H2SO4,  ammonium  hyurosulphide  (NH4)SH,  and  a  few  others. 
This  anomaly  is  probablv  due,  in  some  cases  at  least,  to  a  decom- 
position or  **  dissociatibn  of  the  compound  at  the  high  temperature 
to  which  it  is  subjected  for  the  determination  of  its  vapour-density ; 
NH4CI,  for  example,  splitting  up  into  NH3  and  HCl,  each  of  which 
occupies  two  volumes,  and  the  whole  therefore  four  volumes ;  and 
in  liKe  manner  H9SO4  may  be  supposed  to  separate  into  Hfi  and 
SO.;  PCI5  into  PCL  and  Cl^^ ;  (NHJSH  into  NH,  and  H^S,  &c. 

On  the  other  hand,  some  substances,  both  simple  and  compound, 
exhibit,  at  temperatures  not  far  above  their  boilmg  points,  vapour- 
densities  considerably  greater  than  they  should  have  according  to 
the  general  law,  whereas  when  raised  to  higher  temperatures  tney 
exhibit  normal  vapour-densities.  Thus  sulphur,  which  boils  at 
440°,  exhibits  at  1000°,  like  elementary  gases  in  general,  a  vapour- 
density  equal  to  its  atomic  weight,  viz.,  32';  but  at  500°  its  vapour- 
density  is  nearly  three  times  as  great  Again,  acetic  acid,  C2H4O2, 
whose  molecular  weight  is  244-44-16^60,  has,  at  temperaturt*s 
considerably  above  its  boiling  point,  a  vapour-density  nearly  equal 
to  30 ;  but  at  125°  (8  degrees  above  its  boiling  poi^,  its  vapoui*- 
density  is  rather  more  th^  45,  or  1^  times  as  great.  Tnis  anomalous 
increase  of  vapour-density  appears  to  take  place  when  the  substance 
approaches  its  liqueMng  pomt,  at  which  also  it  exhibits  irregu- 
lanties  in  its  rate  of  expansion  and  contraction  by  variations  of 
pressure  and  temperature — at  which,  in  short,  it  b^ins  to  behave 
itself  like  a  liquid  ;  but  at  higher  temperatures  it  exhibits  the 
physical  characters  of  a  perfect  gas,  and  then  also  its  specific  gravity 
uecomes  normal 
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Sjienfic  Vohmes  of  Liquid  aiul  Soiidt. — The  following  table 
tjchibil,')  the  epedfic  volumes  of  those  Bolid  and  liijiiid  elements 
whose  specific  m^vities  have  be«n  determined  with  Bufficient 
accuracy.  The  dements  are  arranged  in  the  order  of  their  epecifio 
volumes,  hejpimiiiR  with  the  BmalleeL 

Specifit  Valuma  of  Solid  and  Liquid  Elements. 


Atomic 

Sp«Wc 

SpeclBo 

Atomic. 

SpeclBc 

Spodlle 

WelgW 

GuTltj- 

VolDBie 

Weleht. 

Q™.lly 

Carimn,     u 

Meremy, 

diai-u,nd,  . 

13 

3'SS 

8-4 

liquid.      . 

200 

14-8 

U'S 

KT- 

9-4 

2-1 

4'4 

Sulphur,  tri 

metric,      . 

32 

2'or 

lfi-3 

irrfphile,  . 

12 

2-3 

B-2 

Indin^      . 

118-4 

7* 

16-3 

Nickel,  .     . 

es-s 

8-e 

8-8 

65 

8-03 

8-83 

t^C  .  . 

81 

1-94 

IS-B 

Cobalt,   .      . 

58 'S 

8 '60 

7  0 

Sulphur, 

Iron,       .     . 

B6 

7'a 

7-S 

TionocHiic, 

32 

1-98 

16-2 

Copper, 

H:i-4 

8-B5 

7-2 

Till,  .     .     , 

118 

7-3 

16-2 

Chrominra, 

62-2 

7  01 

7'4 

Selenium, 

Indium,      . 

198 

ars 

9-1 

78-4 

4-8(1 

18-4 

Platinum,  . 

187-4 

21 -fi 

B-2 

ytlimi:. 

Zinc,      .     . 

6B-2 

7-1 

9-2 

31 

1-S4 

18-8 

PalUdium, . 

108-6 

11-8 

9-2 

122 

6-7 

18-2 

Bhodinm,   . 

104-4 

11-0 

9-4 

Lead,      ; '  ; 

207 

11-33 

18-3 

Silver,    .     . 

joa 

10-5 

10-2 

SrfpDiura, 

Gold,      .     , 

19B 

1934 

10-2 

ntnorplioiu. 

7S-4 

4-28 

18-4 

27-4 

2-6? 

10-28 

Ttllurinm,  . 

128 

6-2 

SO -8 

Molylidt- 

Huniuth,    . 

210 

9-8 

21-2 

nuin,    .     . 

m 

11  1 

Sodinm,      . 

23 

0-97 

23-7 

SiliQDn,  3™- 

Calcium,     . 

40 

1-58 

26 

phiMdixl, 

28 

2 '6 

11 -2 

lodino,  .      . 

127 

4 '85 

2fl-r 

Lithimn,     . 

7 

0-59 

11 -B 

Rroinino, 

Cadmium,  . 

112 

8-7 

130 

ligmd,      . 

80 

3-19 

25-8 

CmQium,    . 

240 

18-4 

13-2 

Chlorina, 

Araeoic,       . 

75 

13-3 

H-ruid,      . 

36-5 

1-33 

2n-r 

Magu««i. 

stroll  ti  am, 

87-6 

2-54 

34-4 

ma,     .     . 

24 

1-71 

13-8 

Potassium,  . 

30-1 

o-afi 

45-3 

The  numbers  in  tlie  tliird  column  of  this  table  do  not  exhibit  the 
sijuplicity  of  relation  which  exiats  between  the  epecilie  voliiiueg  of 
gaaeoiis  bodies.  There  are,  indeed,  Rcvcral  canwa  which  interfere 
with  the  existence,  or  at  least  with  the  oliservation,  of  snch  simple 
relations  between  the  Hwcilic  volumes  of  solid  and  liquid  elements. 
In  the  first  place,  the  ilenaities  of  three  of  them,  viz.,  niercnrv,  liro- 
mine,  and  chlorine,  are  such  as  belong  to  them  in  the  liquid  st«t«, 
n-hertiss  tiie  deoaities  assigned  to  alt  the  others  have  been  determined 
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in  the  solid  state.  In  solids,  moreover,  the  density  is  greatly 
affected  by  the  state  of  aggregation,  whether  crystalline  or  amor- 
phous, ana  in  dimorphous  H^Ddies,  each  form  has  a  density  peculiar 
to  itself.  Further,  as  solids  and  liquids  are  variously  affected  by 
heat,  each  having  a  peculiar  rate  of  expansion,  and  that  rate  being 
different  at  different  temperatures,  it  is  not  to  be  expected  that  their 
specific  volumes  should  exhibit  simple  relations,  unless  they  are 
compared  at  temperatures  at  which  they  are  similarly  affected  by 
heat.  Even  gases  are  found  to  exhibit  abnormal  specific  volumes  if 
compared  at  temperatures  too  near  the  points  at  which  they  pass 
into  the  liquid  state.  In  liquids,  the  simplest  relations  of  specific 
volume  are  found  at  those  temperatures  for  which  the  tensions  of 
the  vapours  are  equal  (Kopp);  and  in  solids,  the  melting  points 
are  most  probably  the  comparable  temjjeratures.  Now  the  specific 
gravities  of  most  of  the  solid  elements  in  the  preceding  table  have 
been  determined  at  mean  temperatures  (as  at  15°*6),  which,  in  the 
case  of  potassium,  sodium,  phosphorus,  and  a  few  others,  do  not 
differ  greatly  from  the  melting  points,  but  in  other  cases,  as  with 
gold,  platinum,  iron,  &c.,  are  removed  from  the  melting  points  by 
very  long  intervals.  In  spite,  however,  of  these  causes  of  divergence, 
the  specific  volumes  of  certain  analogous  elements  are  very  nearly 
equal  to  each  other :  viz.,  those  of  selenium  and  sulphur ;  of  chromium, 
iron,  cobalt,  copper,  manganese,  and  nickel ;  of  molybdenum  and 
tungsten ;  of  iricuimi,  platinum,  palladium,  and  rhodium ;  and  of 
gold  and  silver. 

Specific  Volumes  of  Solid  and  Liquid  Compounds.  The  most 
general  relation  that  has  been  observed  lietween  the  specific  volumes 
of  solid  compounds,  is  that  isomorphous  compounds  have  equal  specific 
volumes,  in  other  words,  that  their  densities  are  proportional  to  their 
molecular  weights :  such  is  the  case,  for  example,  with  the  native 
carbonates  of  strontium  (strontianite)  and  of  lead  (cerussite) : 


tew 

TnTi  1  <k 

Molecnlar 

Specific 

^leciflc 

fOl 

TllUlaa 

weight. 

grarity. 

Toluroe. 

Si 

CO3 

147-6 

3-60 

410 

PI 

JCO3 

267 

6-47 

41-3 

If  the  crystalline  forms  are  only  approximat-ely  similar,  the  specific 
volumes  also  are  only  approximately  equal,  the  difference  being  less 
as  the  angles  of  the  two  crystalline  forms  are  more  nearly  equal  and 
their  axis  more  nearly  in  the  same  ratio.  In  dimorphous  compounds, 
each  modification  has  a  density,  and  therefore  a  specific  volume, 
peculiar  to  itself. 

The  hydrated  sulphates  of  magnesium,  zinc,  nickel,  cobalt,  and 
iron,  which  have  the  general  formula,  M"S04+7H^O  (M"  denot- 
ing a  bivalent  metal:  see  next  page),  and  crystalhse  in  similar 
forms,  have  specific  volumes  very  nearly  ecjual  to  146 ;  the  double 
sulphates  isomorphous  with  potassio-cupnc  sulphate,  K2Cu(S04)« 
+  6H2O,  have  specific  volumes  ranging  between  198  and  216 ;  and 
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the  aluma,  t^^  KAl(S0()t+12H}0  hare  specific  rolomes  ranging 
lietu-eea  276  and  281. 

The  Kpi-cifiG  voluntee  of  licjuid  compounds  have  been  stndied 
cbietfj  u~ith  relatioii  to  ori^iiic  cumpoimda.      The  most  general 


lektiun  <iI>Kervudis  that :  D^erenta of  ipeci/ic  volume ai 
ifutdMes  iimp/yrtioiuU  to  thi  difftrenat  mCumti  the 
Aeraiail  fnrmuUr.     Thou  liquids  whose  formulEe  differ   liy  »C^ 


._j   spodflc   volume  by  n  times   22;   for  example,   methyl 

formats  CH^CUOj.  and  ethyl  ImhTiite  CjUs-CJljO^  which  lUffer 
by  4CH^  have  specific  volumes  differing  by  nearly  4  X  22. 

Atomicity,  Quantivalenct. 

We  have  seen  that  the  atomic  weight  of  an  element  is  in  some 
cases  e([iifd  to  its  ei^uivalent  weight,  in  others,  twice,  tiiree  times, 
four  timi-s.  Six.,  ae  great  as  the  equivalent  weight;  in  other  woitIb, 
an  atom  of  certain  elements  can  replace  or  be  substituted  for  only 
nine  atom  of  hydrogen,  whereas  the  atoms  of  other  elements  can  i»- 
pUce,  1,  S,  ^  ^  &c.,  atomfl  of  hydn^^.  Thus,  when  radium  die- 
Holvea  in  hydrochloric  acid,  each  atom  of  sodium  replaces  1  atom  of 
hjdropen ;  1iut  whpri  :iinc  'lis.oolves  in  the  same  nizid,  each  atom  of 
zinc  ta^es  the  place  of  2  atoms  of  hydrogen :  thus 

Na     +      Ha     -=     NaC!      +      H 


n  that  an  atom  of  zinc  is  equal  in  combining,  or  satural- 
■  2  otiinis  of  hydrogen.  In  like  nmnniT,  antimony 
\ii3iiiuth  form  trichlorides,  AlCIj  and  BiCl,,  in  which  the  atom 
of  the  metal  performs  the  same  chemical  function  an  3  atoms  of 
li^drogen,  that  is  to  say,  it  saturatea  3  atoms  of  chlorine ;  so  also 
tin  in  the  tetrachloride  is  equivalent  to  4H,  and  phosphorus  in  the 
pentachloride,  PClj,  to  5H. 

This  difference  of  equivalent,  combining  or  satumting  power,  is 
called  ([uautivalence  or  atomicity,  and  is  sometuncx  denoted 
by  plocmg  dashes  or  Roman  numerals  to  the  right  of  the  symlxil  of  an 
element,  and  at  the  top,  aaO",B"',  C'.&c.;  and  the  seTeral  elements 
are  designated  as — 

Uoivnleat  elements,  or  Monads,  as  H 
Divalent  „  Dyuds,      ,,  0" 

Trivslent  „  TrinJa,      ,,  B"' 

Quiuirivttlent     ,,  Tetrads,   „  C" 

Quinquivalent  „  Pentada,  ,,  1" 

Sexvalent  „  Hexads,   „  W 


r 
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uneven  equivalency,  viz,,  the  monads,  triads,  and  pentads,  are  des 
nated  generally  as  perissads.* 

Another  method  of  indicating  the  ecjuivalent  values  of  t 
elementary  atoms,  and  the  manner  in  which  they  are  satisfied 
combination,  is  to  arrange  the  symbols  iu  diagrams  in  which  ea 
element  is  connected  witn  others  by  a  number  of  lines,  or  conne 
in^  bonds  corresponding  with  its  degree  of  equivalence ;  a  mon 
being  connected  with  omer  elements  by  only  one  such  bond,  a  tii 
by  three,  a  hexad  by  six,  &c.,  as  in  the  following  examples  : — 

Water,  HaO H— 0— H 

Carbon  dioxide,  CO,  .  0=C=0 

a 

H^     I       ^H 

Ammonium  chloride,  NH.Cl    .  ^^  N- 

H 

•     0 
Sulphuric  oxide,  SO3         .        .        .  S=0 


0 

0 
Sulphuric  acid,  H2SO4      .  H— 0— S— 0— H 


0 

0 

\  II 

,  Nitric  acid,  HNO3   ....  N— 0— H 

A 

0  0 

II  II 

Zinc  nitrate,  ZnNnOg       .        .        N— 0— Zn— 0— N 


4       & 


It  must  be  distinctly  understood  that  these  formulae — ^which  a 
called  graphic,  structural,  or  constitutional  formules — a: 
not  intended  to  represent  the  actual  arrangement  of  the  atoms  in 
compound ;  indeed,  even  if  we  had  a  distinct  notion  of  the  manm 
in  which  the  atoms  of  any  compound  are  arrar^ged,  it  could  not  \ 
adequately  represented  on  a  plane  sur£Gu:e.    Tne  lines  connectii 

*  Hc/Dt<r<ro«,  tmevezL 
POWNBS.—  VOL.  I.  '^ 
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the  different  Btoms  indicate  nothing  mora  than  lie  nnniber  of  usita 
of  equiviklencj  btlougitig  to  the  eeveiul  ttloniB,  and  the  manner  in 
whii^h  tlit'T  are  diBp<ised  of  bj^  combination  with  those  of  other 
at^iiUE.  Thug  the  formula  for  nitric  acid  indicati^s  that  two  of  the 
thret^  i^onstitueut  oxygen-at«ma  aru  comLined  with  the  nitrogen 
alone,  anJ  are  oonBeqiiently  attached  to  that  element  by  botit  theit 
units  of  ei|uivBlency,  whereas  the  third  oxygen-atom  is  combined 
both  with  nitrogen  and  with  hydrogen.* 

By  inspi^ction  of  the  ptvceding  dtagraniB,  it  will  be  observed  that 
every  iitura  of  a  compound  has  each  of  itn  unila  of  equivalency 
satiKtieil  by  combination  with  a  imit  belonging  W  some  other  atom. 
Such,  indited,  is  the  case  in  eveir  saturated  or  normal  compound. 
Accunliiigly,  it  ie  found  that  in  all  such  compounds  tlie  sum  of  the 
perismd  elements  ie  always  an  even  number,  Thua  a  compound 
may  lontain  two,  four,  six,  &c.,  monad  atoms,  as  CIH,  0H-,  CH., 
CjH„,  CjH.,  SiHjCl ;  or  one  monad  and  one  triad  atom,  as  BCij  ;  or 
one  penlad  and  five  monads,  as  NII.Cl ;  but  never  an  uneven 
nunilier  of  penssad  atoms.  This  ii  the  "law  of  even  sumbera," 
announced  some  yeaiB  ago  by  Gerhordt  and  Laurent  as  a  result  of 
observation.  It  wae  long  received  with  doubt,  but  has  now  been 
confirmed  by  the  analysis  of  so  many  well-dc-tineil  coutpriunds,  that 
a  departure  from  it  is  looked  upou  as  a  sure  indication  of  incorrect 
analysis. 

For  a  siniikr  reason,  the  atoma  of  elementary  Ixidics  rarely  exixt 
in  the  free  state,  but,  wheu  separated  from  any  conijinund,  tend  U 
combine  with  other  atoros,  either  of  the 


element.  Perissad  elemt 
&c,  separate  from  their  i 
tains  two  atoms,  t.g.,  H 
({roupa  of  two,  three,  or  n 
ordinary  state,  probably 

Oxygen, 


other 
hydro^-n,  chlorine,  nitrogen 

runds  in  pairs  ;  their  molecule  con- 
Artiad   elements    may  unite    in 
)re ;  thus  the  molecule  of  oxyReu,  in  its 
that  of  ozone  three 


0—0 

V 


ys.     Thus  when  copper  hydride,  CujHj  (to  be  here- 

*FoT  lecture  and  class  illustration,  soliil  dingranis  are  canstructcil.  witU 
wooden  balla  of  varioua  coloura,  to  rapreaent  the  atoms,  havinfi  holes  for  the 
iasertion  of  connecting  rods  ;  these  representatioiw  are  c»lle<l  glj/plKJormnltr. 
Objection  is  Bnmetiiuea  made  to  tbe  us«  of  such  illuntrntiona,  on  the  gronnd 
that  they  might  lead  the  pupils  lo  imagine  that  the  ntomn  forniing  a  nialeculti 
are  Rctually  connected  together  by  material  liomls.  An  wpII  luicht  objection 
lis  taken  to  the  use  of  an  artilicial  globe  in  teacliing  gedjirapliy  and  astronoiiiy, 
last  the  student  should  acquire  curious  notions  about  the  binteii  meridian  and 
tie  meaden  Jiorizon, 
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after  described),  is  decomposed  by  hydrochloric  acid,  a  quantity  of 
hydrogen  is  riven  off  equal  to  twice  that  which  is  contained  in  the 
hydride  itself;  thus — 

CujjHj  +  2Ha  =  CojCls  +  2HH . 

This  action  is  precisely  analogous  to  that  of  hydrochloric  acid  on 
cuprous  oxide : 

Cnfi  +  2HC1  =  CvLJC^  +  H,0. 

In  the  latter  case,  the  hydrogen  separated  from  the  hydrochloric 
acid  unites  with  oxygen,  in  the  former  with  hydrogen.  Again, 
when  solutions  of  sulphurous  acid  and  sulphydnc  acid  are  mixed, 
the  whole  of  the  sulphur  is  precipitated : 

HjSOg  +  2H2S  =»  3HjO  +  S.Sj, 

the  action  being  similar  to  that  of  sulphurous  acid  on  selenhydric 
acid: 

HjSOj  +  2HjSe  =  3HjO  +  S.Se,. 

In  the  one  case,  a  sulphide  of  selenium  is  precipitated ;  in  the 
other  a  sulphide  of  sulphur.  The  precipitation  of  iodine,  which 
takes  place  on  mixing  hydriodic  acid  with  iodic  acid,  affords  a 
similar  instance  of  the  combination  of  homogeneous  atoms : 

SHI     +     HIOs     =     3H2O     +     311 

Hydriodic  aoid.       Iodic  acid.  Water.  Free  iodine. 

Another  striking  illustration  of  this  mode  of  action  is  afforded  by 
the  reduction  of   certain  metallic  oxides  by  hydrogen  dioxide. 
When  silver  oxide  is  thrown  into  this  liauid,  water  is  formed,  the 
silver  is  reduced  to  the  metallic  state,  and  a  quantity  of  oxygen  is  * 
evolved  equal  to  twice  that  which  is  contained  in  the  silver  oxide : 

AgjO  +  HjOj  =  H2O  +  Agj  +  00. 

Further,  elementary  bodies  frequently  act  upon  others  as  if  their 
atoms  were  associated  in  binary  groups.  Thus  chlorine  acting  upon 
potassium  oxide  forms  two  compounds,  the  chloride  and  hypochlorite 
of  potassium  (p.  193) : 

aCl  +  KKO  =  KCl  +  KCIO. 

Again,  in  the  action  of  chlorine  upon  many  organic  compounds, 
one  atom  of  chlorine  removes  one  atom  of  \i^4ro^g2sa.  WB>\s:^^^i- 
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chloric  acid,  while  another  atom  of  uhloiinu  takee  the  pUce  of  tlM  .  1 
hTdro^en  ChuB  removiid.  Pur  exiunple,  in  the  formatian  of  uhlor>  J 
acetic  acid  by  tbo  action  of  chlorine  on  acetic  acid ; 


Simjliirlj,  when  metallic  aolphidea  oxidise  in  the  air,  both  iha 
metal  and  lie  Bulphur combine  with  oxygen;  and  siiiphur  actii        ' 
upon   pQta«h   forma  both  a.  Enlphide  and  n  thioaulphate.     In   f 
these  canes  the  atoms  of  the  elementary  bodice  act  in  pairs. 

On  the  suppoeition  that  the  nioleuules  of  elementary  bodies  in  , 
the  L-a-seous  state  are  made  i^p  of  two  atoms,  the  specilic  volumes 
of  thefle  gases  wUI  come  under  the  same  law  as  that  which  appUea 
to  conipoimds  (p.  S53) ;  and  it  may  then  be  stated  generally,  that^ 
with  thi;  few  exceptions  already  noticed,  tht  ^iteific  gmvilUi  of  ait 
bodies,  aimpU  and  eomipiytind,  tn  tht  gateous  ilate,  are  tquiU  to  ha^  . 
their  maUadar  vmghU;  or  the  i^wctjSe  volmrut  (the  quotieula  of  the 
molecular  weights  by  the  specific  gcavities)  ar»  tqaal  to  S. 

There  are,  however,  two  (dements,  namely,  phosphorus  and 
oweiiic,  which  at  all  temperatures  hitlieito  iittJiiued  exhililt  a 
vapour-density  twice  as  gniat  as  that  which  they  should  Lave 
accordtug  to  the  general  law,  that  of  phosphorus  liein^;  always  62, 
and  that  of  arsenic  150.  This  has  been  explained  by  supposing 
that  the  molecule  of  eachofthew  two  elements  in  the  free  state 
contains  four  atonjs  instead  of  two,  as  is  the  case  with  most 
elementary  Irtidies;  thus  the  molecule  of  phosphorus  is  supposed 
to  be  represented  by  the  formula, 

Variation  of  ^^uiwifcnf^.— Multivalent  element.^'  often  exhibit 
vatjiug  dt^rees  of  equivalency.  Thus  carbon,  which  is  quad- 
rivalent in  marsh  gae,  CHj,  and  in  carbcm  dioxide,  COj,  is  ouly 
bivalenl  in  carbon  monoxide,  CO ;  nitrogen,  whicli  is  c[uinquivalent 
in  sal-ammoniac,  NH.Cl,  and  the  other  amnioniuiu  suits,  and  in 
nitrogen  pentoxide,  NjOj,  is  trivalent  in  aimiionia,  NH3,  and  in 
nitn^^en  triiixide,  N.Oa,  and  univalent  in  nitrogen  monoxide  N^O  ; 
sulphur,  also,  which  is  sexvalent  in  sulphur  trioxide,  SOj,  is 
quadrivalent  in  sulphur  dioxide,  SOj,  and  bivalent  in  hydn^n 
sulphide,  HjS,  and  m  niony  melalhc  sulphides.  In  these  caaes, 
and  in  otheis  of  varying  equivalency,  the  variation  mostly  takes 
place  by  two  units  of  equivalency.  It  is  not  very  easy  to  account 
lor  these  variations ;  but  it  is  observed  in  aO  cases  tLat  the 
compounds  in  which  the  equivalency  of  a  polygenic  element  is 
most  completely  satisfied  are  more  stable  than  the  others,  and 
that  the  latter  tend  to  pass  into  the  former  by  taking  up  the 
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required  nnmber  of  univalent  or  bivalent  atoms;  thus,  carbon 
monoxide.  CO,  easily  takes  up  another  atom  of  oxygen  to  form 
the  dioxide,  CO^;  nitrogen  trioxide,  N2O3,  is  readily  converted  into 
the  ptentoxide,  NjOg ;  ammonia,  NBL  unites  readily  with  hydro- 
chloric acid  to  form  sal-ammoniac,  NH4CI,  &c.  Similar  pheno- 
mena are  exhibited  by  many  organo-metallic  bodies,  as  will  be 
explained  further  on. 

From  this  it  seems  most  probable  that  the  true  quantivalence 
or  atomicity  of  a  polygenic  element  is  that  which  corresponds  with  the 
maximum  number  of  monad  atoms  with  which  it  can  combine,  but 
that  one  or  two  pairs  of  its  units  of  equivalency  may,  xmder  cei^ 
tain  circumstances,  remain  unsaturated.  Whether  a  saturated  or 
an  unsaturated  compound  is  formed,  will  depend  on  a  variety  of 
conditions,  often  in  great  measure  on  the  relative  quantities  of 
the  actinff  substances.  Thus  phosphorus,  which  is  a  pentad 
element,  forms  with  chlorine  either  a  trichloride,  PCL,  or  a  penta- 
chloride,  PCl^  according  as  the  phosphorus  or  the  cnlorine  is  in 
excess  (p.  240;.* 

In  compounds  containing  two  or  more  atoms  of  t^e  same  multi- 
valent element,  one  or  more  units  of  equivalence  belonging  to  each 
of  these  atoms  may  be  neutralised  by  combination  with  those  of 
another  atom  of  the  same  kind,  so  that  the  element  in  question  will 
appear  to  enter  into  the  compoimd  with  less  than  its  normal  degree 
of  equivalence.  Thus  in  ethane,  or  dimethyl,  CaH^  which  is  a  per- 
fect^ stable  compound,  having  no  tendency  to  take  up  an  additional 
number  of  atoms  of  hydrogen  or  any  other  element,  the  carbon 
appears  to  be  trivalent  mstead  of  quadrivalent;  similarly  in  propane, 
C3H9,  its  equivalence  appears  to  be  reduced  to  |;  and  in  quartane 
or  diethyl,  C^H^,  to  |.  In  all  these  cases,  however,  the  diminution 
of  equivalent  value  in  the  carbon  atoms  is  only  apparent,  as  may  be 
seen  from  the  following  formulee: 


EUiAne. 
H 

PropwM. 
H 

Quartane. 
H 

H    C— H 

H-ij-H 

H--C    H 

H— C    H 

H— C-H 

H— O-H 

i 

H    C    H 

H— C-H 

H 

H    C— H 

or,  more  shortly,  omitting  the  equivalent  marks  of  the   monad 
atoms: 

*  See  also  J^rlenmeyer,  Lehrbuch  der  oiganiscbeQ  Chemie^'^.^^ 
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OH, 


u 


h«. 


111  each  of  these  compounds,  everf  carbon  atom,  eicept  the  two 
outaide  ones,  hue  two  of  ita  units  of  equivftlenee  natiBfled  liT  com- 
bination with  those  of  the  neighbouring  carbon  Btoma,  while  each 
of  the  two  exterior  ones  has  only  one  unit  thus  satisfied.  Hence, 
in  any  siinilarly  coii8titui*d  compound  containing  n  carbon  atoms, 
the  numljer  of  laiita  of  equivalence  remaining  to  be  satisfied  by  the 
hydn^cn  atoms  is4»-2(n-3)-2  =  2n  +  2.  The  geneml  foimala 
of  this  series  of  hydrocarbons  Jb,  therefore,  C^in  +  2,  and  the 
equivalent  value  of  the  carbon  is . 

In  other  casae,  multivalent  atoms  mav  be  united  by  two  or  more 
of  their  units  of  equivalence,  bo  that  weir  combining  power  maj 
appear  to  be  stiil  further  reduced,  as  in  the  hydrocarbon,  C^H,,  ' 
■H-liidi  thu  liirboii  m«.v  lie  ^ij^parenlly  bivak'nt,  and  in  L',H,.  ij 
it  may  api>ear  to  be  univalent;  thus— 
H— C— H 


wllich 


II 
H— C— H 


■\[\ 
C— H. 


In  most  cases,  the  equivalent  value  or  atomicity  of  on  element  is 
most  safely  determined  by  the  number  of  uionud  atoms  with  whith 
it  can  combine.  Of  dyad  atoms,  indeed,  any  element  or  compound 
may  take  up  an  indetinite  number,  without  alteration  of  its  quaiiti- 
valence  or  combining  power;  for  each  dyad  atom,  posst'ssing  two 
units  of  equivalency,  nuutralises  one  unit  in  the  comjround  which  it 
enters,  and  introducen  another,  lea\Tng,  therefore,  the  cimiliining 
[Kiwer  of  the  compound  just  what  it  was  before.  Tims  ]K>ta»siimi 
lorms  only  one  chloride,  KCI,  and  is  thcrefui'e  iinivnli-nt  or  monadic; 
but  in  addition  to  the  oxide,  K,0,  corresjmniliiig  with  this  chloride, 
it  likewise  lonn«  two  others,  vi/.,  KjO,  and  K„0.,  in  the  for 
i.~    I   ;..  *i.  .  1 


hicli  it  might  be  regarded  as  dyadic,  and  in  the  latl 


but  th< 
easily 


which  dyad  oxygen  enters  the^ 

n  by  iiiHpoction  of  the  following  diagnnuM; 


u  [pounds  i^ 


«<£ 


i-K 


O— K 

A 
I 
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It  is  evident  that  any  number  of  oxygen-atoms  might,  in  like 
maimer,  be  inserted  without  disturbing  the  balance  of  equivalency. 
If,  indeed,  we  turn  to  the  sulphides  of  potassium,  in  which  the  sul- 
phur is  dyadic,  like  oxygen,  we  find  the  series,  K^S,  K^S^,  K^Sj, 
Kj^i)  ^2^6>  ^^^  constitution  of  which  may  be  represented  in  a 
precisely  similar  manner.  Hence  the  quantivalence  of  any  element 
IS,  for  the  most  part,  best  determine  by  the  composition  of  its 
chlorides,  bromides,  iodides,  or  fluorides,  rather  than  hy  that  of  its 
oxides  or  sulphides.  In  some  cases,  however,  as  will  be  seen  further 
on,  the  combinations  of  an  element  with  oxy^n  afford  the  best 
means  of  determining  its  quantivalence  or  combining  capacity. 

Ooxnpound  Badides. — Suppose  one  or  more  of  the  component 
atoms  of  a  fully  saturated  molecule  to  be  removed :  it  is  clear  that 
the  remaining  atom  or  group  of  atoms  will  no  longer  be  saturated, 
but  will  have  a  combining  power  corresponding  with  the  number  of 
units  of  equivalency  removed.  Such  unsaturated  groups  are  called 
residues  or  radicles.  Methane,  CHf,  is  a  fully  saturated  com- 
pound ;  but  if  one  of  its  hydrogen  atoms  be  removed,  the  residue 
CH3  ^called  methyl),  will  be  ready  to  combine  with  one  atom  of  a 
imivaient  element,  such  as  chlorine,  bromine,  &c.,  forming  the  com- 
pounds CHsCl,  CHjBr,  &c.;  two  atoms  of  it  unite  in  like  manner 
with  one  atom  of  oxygen,  sulphur,  and  other  bivalent  elements, 
forming  the  compounds  (^'(CHjj,  S'XCHj)^,  &c.;  three  atoms  with 
nitrogen  yielding  N'"(CH3)3,  &c. 

The  removal  of  two  hycJpogen-atoms  from  CH4  leaves  the  bivalent 
radicle  CH,,  called  metnene,  which  yields  the  compounds  CH^^L 
CHjO,  CHgS,  &c.  The  removal  of  three  hydrogen  atoms  from  CEL4 
leaves  the  trivalent  radicle  CH,  which,  in  combination  with  three 
chlorine-atoms,  constitutes  chloroform,  CHCI3.  And,  finally,  the 
removal  of  all  four  hydrogen-atoms  from  CH4  leaves  the  quadri- 
valent radicle  carbon,  C'*,  capable  of  forming  the  compounds  COI4, 

CSn,  &c. 

In  like  manner,  ammoniaj  NH3,  in  which  the  nitrogen  is  tri- 
valent, yields,  by  removal  of  one  hydrogen-atom,  the  univalent 
radicle  amidocen,  NH^  which  with  one  atom  of  potassium  forms 
potassamine,  NHjK,  and  when  combined  with  one  atom  of  the 
univalent  radicle  methyl,  CHj,  forms  methvlamine,  NH2(CH3),  &c. 
The  abstraction  of  two  hydrogen-atoms  from  the  molecule  I^TBL, 
leaves  the  bivalent  radicle  imiaogen,  NH,  which  with  two  methyf- 
atoms  forms  dimethylamine,  "SKipli^^  &c.;  and  the  removal  of  all 
three  hydrogen-atoms  from  NH3,  leaves  nitrogen  itself,  which  fre- 
quently acts  a  trivalent  element  or  radicle,  forming  tripotassamine, 
NKy  trimethylamine,  N(CH5)2,  &c. 

Fmally,  the  molecule  of  water,  OHj,  by  losiiu;  an  atom  of  hydro- 
gen, is  converted  into  the  univalent  radicle  hydroxyl,  OH,  which, 
in  its  relations  to  other  bodies,  is  analogous  to  chlorine,  bromine, 
and  iodine,  and  may  be  substituted  in  combination  for  one  atom  of 
hydrogen  or  other  monads.     Thus,  water  itself  may  be  ie^^£d&4  «a^ 
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H.OH,  analogons  to  hydrochloric  acid,  HCl;  potassium  hydroMile 
na  K.OH,  annlngons  to  potaBsimn  chloriile  ;  Mrium  hydroiide,  as 
Ba".(OH)j.  (HiRlogonB  to  Wium  chloride.  B«"C1,. 

InaeiniilBr  maimer,  the  tuuvaltnt  ittdide.polansoiyl,  KO,inar 
lie  derived  from  potasrimn  Iwdrrnide;  thebiTftlent  radicle,  z  i  nc  o  xy  I, 
ZnOj,  bj-  ahstraction  of  ^  from  rinc  hydroMde,  Zn"H,0,.  The 
essenti^  character  of  theee  oxy^^nated  ndielee  is  that  each  of  the 
oxygen -atf^ma  contained  in  theni  is  iinit^-d  to  the  other  atoms  by  ooe 
unit  of  ciuivnlency  only,  bo  tlmt  the  radicle  has  nece*«arily  one 
or  two  units  nnconnecled;  thus — 


Hydroiyl, 
Piilasaoxyl, 
Eincoiyl, 


H— 0- 
K— O- 
_0— Zn— O-^ 


From  Ihe  preccdiHg  eipJunations  of  the  mo<Ie  of  derivation  of 
t'ompiiund  rodicles,  it  it,  cleat  that  there  is  no  limit  to  the  number 
of  thtni  which  may  be  BUppoeed  to  exist;  in  fact,  it  ia  only  iwcessnry 
to  Bupjirise  a  rnunber  of  nnita  of  equivalency  abstiaeteiJ  from  any 
saturated  molecule,  in  order  to  obtain  a  radicle  of  corresponding 
combining  power  or  equivalent  value.  But  unless  a  radicle  can  be 
supposed  to  enter  into  a  considerable  number  of  compouncln,  thua 
forming  them  into  a  group,  like  the  salts  of  the  same  metal,  thei'e 
is  nothing  gained  in  point  of  simplicity  or  comprehensiveness  by 
assuming  its  existence. 

It  must  alM  be  distinctly  understood  that  these  compound  railicleK 
do  not  necessarily  exist  in  the  separate  state,  and  that  those  of 
uneven  equivalency,  like  methyl,  cannot  exist  in  that  state,  their 
molecules,  if  liberated  from  combination  ^ith  others,  always  doubl- 
ing themselves,  as  we  have  seen  to  be  the  cose  with  most  of  the 
elementary  bodies.  Thus  hydroxyl— O — H  is  not  known  in  the 
free  state,  the  actually  existing  compound  containing  the  same  pro- 
portions of  hydn^ien  and  oxygen  being  OjHj  or  H — 0 — 0 — H.  In 
like  manner  methyl,  CHj,  has  no  separate  existence,  but  dimethyl, 
OjHg,  is  a  known  compound  :— 


i,. 


Relations  between  Atomic  Weight  and  Quontivalence. — A 

very  remarkable  relation  has  been  shown  to  exist  between  the  quanti- 
valence  of  the  elemeuls  and  the  numerical  or<ler  of  their  atomic 
weights.  Arranging  the  elements  in  vertical  columns  according  to 
this  order,  as  in  the  following  table,  we  find  that,  with  the  excep- 
tion of  certain  metals  belonging  to  the  iron  and  platinum  Rroni«, 
Uiey  all  arrange  themelves  in  such  a  manner,  that  the  tirst  hon/onlal 
linoia  occupiid  by  the  monad  elements,  the  second  L>y  the  dyads, 
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the  third  by  the  triada,  &e.,  ai 

n  itself  Btande  alone,  there  beinc  no  known 
between  it  and  the  monad  metal  litninm.  Thia 
lelation  of  the  elementarv  bodies,  which  is  called  the  "  periodic  law,' 
was  fint  pointed  out  bv  Newlanda  in  1 864,  and  afterwards  developed 
by  Odling  and  Mendelejeff. 
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mbidinm,  silver,  and  cffirinm  are  shown  to  be  monadic  or  univalent, 
by  their  combinationa  with  chlorine  and  oxygen,  e.g.,  NaCl  and 
jT  >0,  Copper  may  be  regarded  as  univalent  in  one  eeriea  of 
its  componnds,  viz.,  the  cuprous  compounds,  as  in  the  chloride 
CoCl  and  the  oiide  Cu,0,  fliouBh  in  its  most  stable  compounds 
it  is  bivalent,  and  appears  to  De  more  nearly  related  to  the 
metals  of  the  iron  group.  The  place  of  gold  in  the  series  is  some- 
what exceptional,  since,  thoiun  univalent 
pounds,  as  AuCl,  it  is  trivalent  i"  ♦*"•  —"~  -* 
as  AuCl,. 

The  elements  in  the  second  row  are  all  dyads,  with  tl;e  excep- 
tion perhaps  of  beryllium,  which  has  some  analogies  to  the  triads. 

or  the  elements  in  the  third  row,  boron,  galfinm,  indium,  and 
thallium  are  undoubtedly  triads.  Aluminium  forms  a  trichloride. 
AlClj,  and  a  oorregponding  oiide,  AljO^  also  a  volatile  methyl-oom- 
pound,  Al{CHj)3,  the  vapour-deneiw  of  which  indicates  that  the|mole- 
cule,  as  representei  by  this  formiJa,  has  the  normal  2-volume  con- 
densation (p.  263).  It  is  true  that  the  chloride,  which  is  also  volatile, 
exhibits  a  vaponi-density  agreeing  rather  with  the  doubled  formula, 
ALOL,  which  would  indicate  tiiat  aluminium  ia  a  tetrad,  the 

AlCl, 
chloride  having  the  constitution    I       ;  but  tliis  chloride  boils  at  a 

AlCL 
very  high  temperature,  and  it  is  therefore  probable  that  the  tem- 
perature at  which  its  vapour-demdty  waa  actuBli.^  ^t*!!.  "«*»'  "^^ 
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suffii'iiiiitly  noBnti  above  the  boilinfj  point  to  bring  tbe  couipound 
into  the  Btate  o!  a  perfect  ws  (p.  S53}. 

Yttrium,  Uidymiam,  and  erbium  are  usually  regarded  as  dyads  ; 
indei'd  theii  atomic  weights,  as  detcnuined  by  experiment,  are  not 
those  given  iii  tlie  preceding  table.  Mendelejelf,  however,  tram 
certain  conudemtions  which  will  be  noticed  hereafter,  proposes  to 
regiird  them  aa  triads,  and  to  alter  their  atomic  weights  accord- 
ingly. The  matter  is  for  the  present  altogether  doubtful,  though 
perKapa  on  the  whole  the  balance  of  argument  is  against  MendelejeS'a 
auQieation. 

Tlie  elements  in  the  fourth  row  are  imdoubtedly  tetradic,  with 
the  exception  of  lanthanum,  which  is  more  generally  regarded  as  a 

Of  the  elements  in  the  fifth  row,  phosphorus,  antimony,  niobium, 
and  tuDtiJum  form  pentachlorides.  Nitrogen  is  quini|uivalent  in 
the  anuuonium-compounds,  as  in  thechloride  NH,CL  Vanadium, 
arsenic,  and  bismuth  do  not  combine  with  more  than  3  atoms  of 
chlorine,  bromine,  or  iodine;  but  bismuth  forms  an  oiyclitoride, 
BiOCIj  or  O^iBiCI,,  in  which  it  is  quinquivalent,  and  vanadium 
forms  the  analogous  compound,  TOCl,.  iu^enic  does  not  form  ft 
similiir  oxvchloride ;  but  its  highest  oxide,  Asfi^,  is  the  exact 
analogue  of  phosphoric  oxide,  PiO„  mul  vuiiadic  oxiilc,  V^O.,  and 
forma  a  series  of  salts,  the  ursenut  es,  wldcli  are  iaoiuorplunis  «-ilh 
the  phosphates  and  vanadates.  For  these  reasons  arsenic  ia  likewise 
regarded  as  a  pentad. 

Among  the  elements  in  the  sixth  row,  chromium  forms  a.  heJt- 
fluoride  and  tungsten  a  hexchloride;  urauium  fornis  an  oxyehloride, 
UOjClj,  and  a  trioxide,  UO,.  Sulphur,  selenium,  and  tellurium,  so 
for  as  regards  their  hydrogen-compounds,  HjS,  &c.,  are  dyaila  ;  but 
with  regard  to  their  combinations  with  chlorine,  tliey  are  tetrads, 
and  sulphur  is  known  to  form  certain  organic  compounds  in  which 
it  is  lelraJio,  and  others  in  which  it  is  hexadic*  Moreover  the 
chemical  relations  of  the  sulphnlea  are  much  more  clearly  repre- 
sented by  fonuula'  in  which  suljibur  is  supposed  to  be  lieiutdic,  like 
that  given  for  sulphuric  acid  on  p.  267,  than  by  formuliv  into  which 
it  enters  as  a  dyiid,  such  as,  H— O— 0— S— O— 0— H,  inasmuch  as 
com]iouuds  in  which  dyadic  elements  are  linked  togellior  in  one 
row,  are  for  the  most  part  very  unstable,  like  the  higher  oxides  and 
Bulpliiilea  of  potjissium  (pp.  262,  263),  These  three  elements  are 
therefore  best  regarded  as  Lexads,  though  tliey  sometimes  enter  into 
combination  as  tetrads,  and  very  frequently  as  dyads. 

Oxygen,  in  its  combinations  with  hvdrogen,  and  with  most  of  the 
metals,  undoubtedly  acts  as  a  dyad;   but  it   appears  also  to  be 


•  Sulphur  triethiodide,  8"  { ('^s^s's 
Sulpbur 
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capable  of  higher  degrees  of  combination ;  with  silver,  for  example, 
it  forms  the  two  oxides,  Ag^O  and  A^O,  in  the  latter  of  which 
it  is  tetradic ;  and  from  its  close  analo^es  to  sulphur,  and  the  place 
of  its  atomic  weight  in  the  series,  it  may  be  classed  with  the 
hexads. 

Of  the  elements  in  the  seventh  row,  manganese  appears  to  form 
a  heptachloride,  MnCl^,  though  the  composition  of  this  chloride 
has  not  perhaps  been  very  distinctly  made  out ;  but  in  the  pennan- 
imnates  the  metal  appears  to  be  decidedly  heptadic ;  the  potassium  salt, 
iCMnOf,  for  example,  may  be  represented  oy  the  structural  formula: 

O 

II 
0=Mn— 0-^K 


& 


The  perchlorates,  e.g,  KCIO4,  are  similar  to  the  permanganates  in 
composition  and  in  crystalline  form,  and  may  therefore  be  supposed 
to  have  a  similar  constitution,  the  chlorine  in  them  being  septi- 
valent ;  in  fact,  the  four  oxy-acids  of  chlorine  form  a  regular  series 
in  which  the  quantivalence  of  the  chlorine  varies  by  two  units 
from  1  to  7 ;  thus — 

O  O 

CI— O— H       0=C1— 0~H       0=C1— 0— H        0=C1— O—H 

II 
0 

HTpochlorooB.  Chloroiu.  Cliloric.  Perchloric. 

^  Iodic  acid,  lO.H,  and  periodic  acid,  lO^H,  are  exactly  similar  in 
constitution  to  cnloric  and  perchloric  acios,  and  the  corresponding 
oxides  or  anhydrides  IjO.,  IjOy  are  likewise  known  (p.  200} :  hence 
iodine  also  may  be  re^iraed  as  a  heptad.  Bromic  acid,  BrO^H,  is 
similar  to  chloric  acid,  out  perbromic  acid  has  not  yet  been  obtamed ; 
and  of  fluorine  no  oxygen-compound  is  known ;  but  from  the  close 
analogy  in  the  reactions  of  these  four  elements,  CI,  Br,  I,  and  F,  and 
the  manner  in  which  they  replace  one  another  in  combination, 
there  can  be  no  doubt  that  they  belong  to  the  same  group.  In 
their  combinations  with  hydrogen,  and  m  the  reactions  in  which 
they  replace  hydrogen  and  one  another  in  combination,  they  in- 
variably act  as  monads,  the  substitution  taking  place  atom  for 
atom. 

Lastly,  with  recard  to  the  elements  (all  metallic)  which  cannot 
be  included  in  either  of  the  seven  horizontal  series  above  considered. 
The  atomic  weights  of  three  of  these  metals,  viz.,  iron,  cobalt,  and 
nickel,  have  values  between  those  of  manganese  and  copper ;  and  of 
the  other  six,  called  platinum  metals,  three,  viz.,  ruthenium, 
rhodium,  and  palladium,  have  atomic  weights  intermediate  be.tw<iftsi. 
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tliope  of  raolvbdenum  (96)  and  eilTer  (108) ;  (wid  iJie  other  three,  vii, 
osmiiun,  iridium,  and  platmum,  are  in  like  nmimeT  intenuediat« 
betirenn  tungsten  (164)  and  f^ld  (199). 

These  intermediate  elementB,  Fe,  Co,  Ni,  Ru,  Rh,  Pd,  On,  Ir, 
Pt,  constitute  n  group  of  thenaaelvea  (the  eighth),  some  of  the 
ineni1it>m  of  which,  viz.,  Ra  mid  Ob,  fonii  tetroiidee  (analognua  to 
ottoclJorideB),  aiid  may  therefore  be  re^tded  m  octadu.  None  of 
them,  however,  form  chlorides  conlainitig  more  than  4  atoma  of 
chlorine  to  one  atom  of  metdl. 

The  blank  spaces  in  the  |ireccdii)g  table  indicate  the  places  of 
elements  which  probably  exist,  but  have  not  yet  been  actually  di»- 
eovered.  An  unticipated  discoven?  of  this  kind  has,  however,  been 
actually  realised.  When  the  table  was  drawn  up,  a  blank  in  flie 
place  now  occupied  by  gallium  indicated  the  probable  existence  of 
a  trivalent  clement  iDt«rmediate  in  atomic  weight  between  ziue  and 
arwiiu-.  This  element  waa  proviaioually  designated  ekaluminittm 
by  Mendelejeff,  who  predicted,  from  its  position  in  the  series,  vhat 
itH  chief  properties  ought  to  be.  The  disco\'ery  of  gallium,  with  the 
atomic  weieht  68,  has  verified  tltia  prediction. 


CRYSTALLISATION  ;  CRYSTALLISE  FORM. 


tinct  ^ometrical  li^ire,  usually  buuniled  by  plane  Burfaces,  and 
having;  outvies  of  constant  value.  The  faculty  of  crystallisation 
seems  to  be  denied  oulv  to  a  few  bodies,  chiefly  highly  complex 
organic  principles,  which  stand,  as  it  were,  upon  the  very  ver^je  of 
organisation,  and  which,  when  in  the  soUd  state,  are  frequently 
characterised  bya  ktndof  beady  or  globular  appearance,  wellknowi 
to  niicroscojiical  observers. 

The  most  beautiful"  examples  of  crystallisation  are  to  be  found 
among  natural  minerals,  the  results  of  exceedingly  slow  changes 
constantly  occurring  within  the  earth.  It  is  invariably  found  that 
artificial  crystals  of  salts,  and  other  soluble  substancBS  which  have 
been  slowly  and  ouietly  deposited,  suqwas  in  siw  and  regularity 
those  of  more  mpid  formation. 

Solution  in  water  or  some  other  liquid  is  a  very  frequent  method 
of  etfecting  crystal lisat ion.  If  the  substance  be  more  soluble  at  a 
high  than  at  a  low  temperature,  then  a  hot  and  saturated  solution 
leit  to  cool  slowly  will  generally  be  found  to  furnish  crjstula:  this 
is  a  very  common  case  with  salts  and  various  organic  principles. 
If  it  be  equally  soluble,  or  nearly  so,  at  all  temperatures,  then  slow 
spontaneous  evaporation  in  the  air,  or  over  a  suriaee  of  oil  of  vitriol, 
often  (iroves  very  effective. 

Fusion  and  slow  cooling  may  be  employed  in  many  cases :  that 
of  sulphur  is  a  good  example:  the  metals,  when  thus  treated, 
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nsually  afford  traces  of  dystalline  figure,  which  sometimes  become 
very  beautiful  and  distinct,  as  with  bismuth.  A  third  condition 
under  which  crystals  ver^  often  form  is  in  passing  from  the  gaseous 
to  the  solid  state,  of  which  iodine  affords  a  good  instance.  When 
by  any  of  these  means  time  is  allowed  for  the  synmietrical  arrange- 
ment of  the  particles  of  matter  at  the  moment  of  solidification,  crystals 
areproducw. 

Tjiat  crystals  owe  their  figure  to  a  certain  regularity  of  internal 
structure  is  shown  both  b^  tneir  mode  of  formation  and  also  by  the 
peculiarities  attending  their  fracture.  A  crystal  placed  in  a  slowly 
evaporating  saturated  solution  of  the  same  substance,  grows  or 
increases  by  a  continued  deposition  of  fresh  matter  upon  its  sides, 
in  such  a  manner  that  the  angles  formed  by  the  meeting  of  the  latter 
remain  unaltered. 

The  tendency  of  most  crystals  to  split  in  particular  directions, 
called  by  mineralogists  ckavagey  is  a  certain  indication  of  regular 
structure,  while  the  optical  properties  of  many  among  them,  and 
their  mode  of  expansion  by  heat,  point  to  the  same  conclusion. 

It  may  be  laid  down  as  a  general  rule  that  every  substance  has 
its  own  crystalline  form,  by  which  it  may  very  frequently  be 
recognised  at  once — not  that  each  substance  has  a  different  %ure, 
although  very  great  diversity  in  this  respect  is  to  be  found.  Some 
forms  are  much  more  common  than  others,  as  the  cube  and  six-sided 
prism,  which  are  very  frequently  assumed  by  a  number  of  bodies 
not  in  any  way  related. 

The  same  substance  inay  assume,  under  different  sets  of  circum- 
stances, as  at  high  and  low  temperatures,  two  different  crystalline 
forms,  in  which  case  it  is  said  to  be  dimorphous.  Sulphur  and 
carbon  furnish,  as  already  noticed,  examples  of  this  cunous  fact ; 
another  case  is  presented  by  calcium  carbonate  in  the  two  modifica- 
tions of  calc  spar  and  arragonite,  both  chemically  the  same,  but 
physically  different.  A  fourth  example  might  be  given  in  mercuric 
iodide,  which  also  has  two  distinct  forms,  and  even  two  distinct 
colours,  offering  as  great  a  contrast  as  those  of  diamond  and 
graphite. 

Oryatallographio  SyatemB. — ^When  a  crystal  of  simple  form 
is  attentively  considered,  it  becomes  evident  that  certain  directions 
can  be  pointed  out  in  which  straight  lines  may  be  ima^nned  to  be 
drawn,  passing  through  the  centnu  point  of  the  crystal  m>m  side  to 
side,  from  ena  to  eno,  or  from  one  angle  to  that  opposed  to  it,  &c., 
about  which  lines  the  particles  of  matter  composing  the  crystal  may 
be  conceived  to  be  symmetrically  built  up.  Such  lines,  or  axes,  are 
not  always  purely  imaginary,  however,  as  may  be  inferred  from  the 
remarkable  optical  properties  of  many  crystals :  upon  their  number, 
relative  lengtns,  position,  and  inclination  to  each  other,  depends  the 
outward  figure  oi  the  crystal  itself. 

All  crystalline  forms  may  upon  this  plan  be  arranged  in  six  classes 
or  systems;  these  are  the  following. 


1.  The  monomatrio,  regular,  i 

rhe  cryslala  of  IMb  division  have 

rieht  angles  to  each  other.    The  most  important  (nnne  a 

(I),  the  itr/tilaT  octohtdron  (3),  and  the  rhiombic  dodicahedron  (3). 

The  letters  a— a,  h — ft,  c—e  (fig.  125),  show  the  tenniiiation  e 
tbe  three  aiefi,  placed  as  stated. 

Very  many  suhatancea,  both  Bimple  and  compound,  asRume  tl 
forms,  as  most  of  the  nietals,  carbon  in  the  state  of  diiunoitd,  « 
moil  8iUt,  pota^siiini  iodide,  the  alum?,  fluor-spar,  iron  biaulphidebfl 
garnet,  fl~"~"""    °" ' 


^ 

y 

^ 

Y 

y 

%  The  dimetric,  quadratic,  square  prismatic,  c 

syatem.— The  crj-atals  of  this  Bystein  (fig.  126)  are  al» 


y. 


about  three  axes  at  right  angles  to  each  other.  Of  these,  however, 
two  only  are  of  equal  length,  the  thini,  e— c,  being  longer  or  shorter. 
The  nioBt  important  forms  are,  the  riijhi  tgitare  prtnn  (1),  and  the 
right  *qiuxTeJiaitA  ocloludron  (2). 

Exiimplca  of  theae  funns  are  to  be  found  in  zircon,  native  stannic 
oxide,  apopbyllite,  yellow  potassium  ferrocyauide,  &c. 

3.  The  rhombohedral  system  (fig.  127.) — This  is  very  impor- 
tant and  exicnsire  ;  it  may  I'O  ohnnitterised  by /our  axes,*  three  of 
which  are  eijual,  in  the  same  phine,anci  inclined  to  each  other  at  angles 


saScient  tor  tbe  dstenainntion  of  an;  solid  figure  wbsl«ver. 


OKTBTALLIKX  KBlf. 


271 


Qcipal  axia  is  perpendicular 

— the  regular  lix^tided  prwm,  (1),  the 


of  60",  while  tte  fourth  oi  , 

all.     The  principal  fonns  ate, — 

reguloT  double  tia-tided  pt/ramid  (2\,  the  TJunn/iokedTon  (4),  and  the 

iealenohtdron  (5),  a  figure  bounded  by  twelve  scalene  trianj^les. 

Examples  are  found  in  ice,  calcflpar,  sodium  nitrate,  beryl, 
quartz  or  rock-CTjBtal,  and  the  semi-metale,  arsenic,  antimony,  and 
tellurium. 

A  combination  of  the  regular  gix-aided  priam  and  double  siz- 
BJded  pyramid  (3)  is  a  common  form  of  quartz. 


4.  Th«  trimetrio,  rhombic,  or  right  prinnatic  aratem.— This 

is  characterised  by  three  axes  of  unequal  lengths,  placed  at  right  an^Ie<) 
to  each  other,  as  in  the  rijjAf  rectan^ujor  pri»ro,  the  ri^Ai  rftiwifticprwin, 
the  right  rectanffttlar-battd  octohtdTon,  and  the  right  rhombic-bated 
Qctohtdron. 


The  bases  of  these  forms  are  represented  in  ^.  128,  (1)  and  (3). 
Let  the  reader  imagine  a  straight  line  paaang  through  the  centre 
of  each  of  these  figures,  perpendicular  to  the  plane  of  the  paper  ; 
this  Kill  represent  the  vertical  axis.  The  octohedrons  will  be 
formed  by  joining  the  ends  of  thia  verticaL  liiwmXiL  \^«3i^'»^ 
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the  bases,  and  the  prUiUR  by  vertical  pknes  passing  through  the 
eiJui  of  the  base,  and  tanuinute-l  bj  horizonlul  planes  poMing 
tbrough  the  extremitiea  of  the  vertical  axis.  The  perepoctive  foniu 
of  thtee  trimetrii;  prieniB  and  octohedrons  are  simJJar  to  those  u( 
the  dimetric  aystt^ni  (6a.  136). 

The  eVKtem  is  eiCBiupIi&eil  in  Bulphur  uiyHtjiUised  itt  a  low  teo^H 
iX'niture,  arBenical  iron  pyrites,  potaasiuiu  nitrate  aud  auIphat^H 
buiium  Bulph&te,  &c. 

B,  The  monoclinic  or  oblique  pmmatic  syBtom.— CryslalB 

bckmj;itig  to  this  ({roup  have  also  three  axes,  which  uiriv  be  all  un- 
ei[iial ;  tH-o  of  theBe  (the  seuondary)  ore  placed  at  right  anales,  the 
thin.1  btiiig  80  inclinea  as  to  be  oblioue  to  one  and  perjiendicuiar  t« 
the  otlier.     To  this   aygtem   may   he   referred  the   four  following 


-Tha   oblique  Teetamjular  pH*m,  the  oblique  r^tombie  prism, 

qu«  ncUaigyiar-haad   ocUmdron,   the   obtiqiie 

tohcdron. 


the   tihtiqva  netaJigviar-baMd   octohedron,   the   obtiqiie  Thombic-iated 


The  bases  of  these  monoclinic  foima  are  identical  in  form  with 
thosi-  of  the  trimetric  aysteni,  fig.  138,  (1)  and  (S),  The  principal 
axis  may  he  represeute<\  by  a  line  passing  through  the  plane  of  the 
Tiii]ier  at  llie  middle  point,  peryiemlttulHi'  >    .   -         ... 

TliL'  jierapective  furois 


and  oblique  to  6  6, 


Such  forms  are  taken  by  sulphur  cnstalliBed  ]n  fusion  and  cool- 
ii>S<  '>}'  renlf^r,  sulphate,  carbonate  aud  phosph  iti  oi  sodium,  boni\, 
green  vitriol,  aud  many  other  sails. 

6.  The  trielinic,  anorthic,  or  doubly  obbque  priamatic 
syatem. — The  crystalline  forma  comprehended  lu  this  division  are. 
from  their  great  apparent  irregularity,  exceedingly  difficult  to  study 
and  understand.  In  them  are  traced  three  axes,  which  may  be  all 
une<[ual  in  length,  and  are  all  oiilioue  to  each  other,  as  in  the  douhlij- 
obliqiix  prigm,  and  in  the  douhly-oblique  octahedron.  The  jmrspective 
foniis  are  Bimilor  to  thaie  of  the  monoclinic  pystem. 

nffoKi  illustrations  of  these  forms. 

Primary  and  Secondary  Forau.—ll  a  crystal  increase  in  magiii- 
ttide  by  equal  additions  on  every  part,  it  is  quite  clear  that  its 


ORYSTALLINB  FORM. 


273 


figure  most  lemain  unaltered ;  but  if,  from  some  cause,  this  increafie 
should  be  partial,  the  newly  deposited  matter  being  distributed 
unequally,  out  still  in  obedience  to  certain  definite  laws,  tiien 
alterations  of  form  are  produced,  giving  rise  to  figures  which  have 
a  direct  geometrical  connection  with  that  from  which  they  are 
derived.  If,  for  example,  in  the  cube,  a  regular  omission  oi  suc- 
cessive rows  of  particles  of  matter  in  a  certain  order  be  made  at 
each  solid  an^le,  while  the  crystal  continues  to  increase  elsewhere, 
the  result  will  be  the  production  of  small  triangular  planes,  which, 
as  the  process  advances,  gradually  usurp  the  whole  of  the  surface 
of  the  crystal,  and  convert  the  cube  into  an  octohedron.  The 
new  planes  are  called  secondary,  and  their  production  is  said  to 
take  place  by  regular  deerements  upon  the  solid  angles.  The  same 
thing  may  nappen  on  the  edges  of  the  cube ;  a  new  figure,  the 

Fig.  180. 


Passage  of  cnbe  to  octohedron. 

rhombic  dodecahedron,  is  then  generated.  The  modifications  which 
can  thus  be  produced  of  the  original  or  primary  figure  (all  of  which 
are  subject  to  exact  geometrical  laws)  are  very  numerous.  Several 
distinct  modifications  may  be  present  at  the  same  time,  and  thus 
render  the  form  exceedingly  complex. 

Crystals  often  cleave  parallel  to  all  the  planes  of  the  primary 
figure,  as  in  calcspar,  which  offers  a  good  illustration  of  this  perfect 
cleavage.  Sometimes  one  or  two  of  these  planes  have  a  kind  of 
preference  over  the  rest  in  this  respect,  the  crystal  splitting  readily 
in  these  directions  onlv. 

A  very  curious  modification  of  the  figure  sometimes  occurs  by 
the  excessive  growth  of  each  alternate  plane  of  the  crystal ;  the 
rest  become  at  length  obliterated,  and  the  crystal  assumes  the 

Fig.  131. 


Passage  ot  octohedron  to  tetrahedron. 

character  called  hemihedral  or  half-sided.    This  is  well  seen  in  thA 
production  of  the  tetrahedron  frooi  the  legolBX  o^\x^<^i^S!QiiiV^)%  V^ 
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ftud  of  the  rhatubohedric  form  by  a.  sunilor  change  &om  the  double 
six-sided  pj-nunid  (fig.  127,  2). 

Fcniirt  belonging  to  the  tame  cirfitaUographic  system  are  related 
to  eauh  other  by  several  natural  amnltiuB. 

1.  It  u  <miy  the  timpU  form*  of  the  same  lyttmt  that  can  eoTnbint 
into  a  MmpUxform. — For  in  nil  fully  developed  (hobihedral)  oatutal 
ciyEtnl^  it  is  found  that  all  the  Bimilar  \>ait^  if  modified  at  all,  are 
niodiiied  in  on  exuctly  mmilar  manner  (in  hi^mihedral  forms,  half 
the  Hiirular  edges  and  angles  altemiLtely  situated  are  similarly 
muddied)  Now  this  can  De  the  ca«e  onlr  when  the  dominant 
form  and  the  niodifying  form  are  develope<l  according  to  the  same 
law  of  symmetry.  Thu^  if  a  cube  and  a  Tf^pdar  octahedron  aie 
des-elojied  jDund  the  aanae  svatem  of  axes,  each  sunmdt  of  the  cnbe 
ie  cut  off  to  the  same  extent  hv  a  tace  of  ihe  octohedion,  or  vice  wrst. 
But  II  cube  could  never  comljine  in  this  manner  witii  a  rhonibia 
octoheilron,  because  it  would  be  impossible  to  place  the  two  forma 
in  such  a  manner  that  similar  parte  of  the  one  should  throughout 

e  similar  porta  of  the  other. 

:  crystals  of  each  system  are  thus  sabject  to  a  peculiar  and 
distinct  set  of  modificationB,  the  oliservation  of  which  \'ery  freijuentlv 
constitutes  an  excellent  guide  to  the  discovery  of  the  primary  fona 
il*elf. 

2.  CnjelaU  belonging  to  (Ae  rninw  syttem  are  intimaUly  related  in 
their  optical  prmierties. — Crystals  belonging  In  the  regular  system  (as 
the  diamonil,  alum,  rock-salt,  &c.)  reflect  light  in  the  same  manner 
as  uncrystallised  boilies  ;  that  is  to  say,  they  have  but  one  re&Tictlve 
index,  and  a  my  of  light  passing  through  'them  in  anv  direction  is 
refracted  singly.  But  all  other  crystals  refract  donbly,  that  is  to 
say,  a  ray  of  light  passing  through  them  (except  in  certain  directions) 
is  split  into  two  ruvs,  the  one  ciuled  the  ordinary  ray,  being  refmcted 
aa  It  would  be  {ly  an  amor^ihous  body,  the  other,  called  the 
odnKTdinary  ray,  lieing  refracted  accordin"  to  i>ecu]i;ir  and  more 
complex  laws  (see  Light).  Now,  the  crystals  of  the  dimetric  and 
hexagonal  syst«m3  resemble  each  other  in  this  respect,  that  in  all 
of  them  there  is  one  direction,  called  the  optic  axis,  or  axis  of  double 
refraction  (coinciding  with  the  principal  ctystidlographic  axis),  along 
which  a  luy  of  light  is  refracted  singly',  while  in  all  other  direc- 
tions it  is  refracted  <loubly  ;  whereas  in  cn'stals  belonging  to  the 
other  systems,  viz.,  the  trimetric  and  the  two  oblique  sytrtems, 
there  are  always  two  directions  or  axes,  along  which  a  ray  is  singly 
refracted. 

3.  GrystaU  belonging  to  tlie  >ame  mjafem  refemJile  eiuit  oilier  in  Ihcir 
mode  of  conducting  heat. — Amorphous  boilies  and  crystids  of  the 
regular  system  conduct  heat  equally  in  all  directions,  so  that, 
supposing  a  centre  of  heat  to  exist  within  such  a  body,  the  isothermal 
surfaces  will  l)e  spheres.  But  crystals  of  ^he  dimetric  and  he.\agonal 
systems  conduct  equally  onlv  in  directions  (>erpcndicu]ar  to  the 

principal  axis,  bo  that  in  eucn  crystals  the  isuthennal  surfaces  are 
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ellipsoi'dB  of  revolution  round  that  axis  ;  and  crystals  belonging  tp 
either  of  the  three  other  systems  conduct  unequally  in  all  directions, 
so  tliat  in  them  the  isothermal  surfaces  are  ellipsoids  with  tliree 
unequal  axes. 

Relations  of  Form  and  Constitution ;  Isomorphism. 

Certain  substances,  to  which  a  similar  chemical  constitution  is 
ascribed,  possess  the  remarkable  property  of  exactly  replacing 
each  other  in  crystallised  compoimds>  without  alteration  of  tne 
characteristic  geometrical  figure.  Such  bodies  are  said  to  be  isomoi^ 
phous* 

For  example,  m^nesia,  zinc  oxide,  cupric  oxide,  ferrous  oxide,  and 
nickel  oxide,  are  alned  by  isomorphic  relations  of  the  most  intimate 
nature.  The  salts  formed  by  these  substances  with  the  same  acid 
and  similar  proportions  of  water  of  crystallisation,  are  identical  in 
their  form,  and,  when  of  the  same  colour,  cannot  be  distinguished 
by  the  eye  :  the  sulphates  of  mwniesium  and  zinc  may  be  thus  con- 
foimded.  These  sulphates,  too,  sSl  combine  with  potassium  sulphate 
and  ammonia  sulphate,  giving  rise  to  double  salts,  whose  figure  is 
the  same,  but  qmte  di&rent  from  that  of  the  simple  sulphates. 
Indeed  this  connection  between  identity  of  farm  and  parallelism  oi 
constitution  runs  through  all  their  combinations. 

In  the  same  manner  alumina  and  iron  sesquioxide  replace  each 
other  continually  without  change  of  crystalline  figure :  the  same 
remark  may  be  made  of  the  oxides  of  potassium,  sodium,  and 
ammonium.  The  alumina  in  common  alum  may  be  replaced  by  iron 
sesquioxide,  the  potash  by  ammonia  or  by  soda,  and  still  the  figure 
of  the  crystal  remains  unchanged.  These  replacements  may  be 
partial  only :  we  may  have  an  alum  containing  both  potash  and 
ammonia,  or  alumina  and  chromium  sesquioxide.  By  artificial 
management — namely,  by  transferring  the  crystal  successively  to  dif- 
ferent solutions — we  may  nave  these  isomorphousand  mutually  replac- 
ing compounds  distributed  in  different  layers  upon  the  same  crystal. 

For  these  reasons  mixtures  of  isomorphous  salts  can  neyer  be 
separated  by  crystallisation,  imless  their  difference  of  solubility  is 
very  great.  A  mixed  solution  of  ferrous  sulphate  and  nickel 
sulphate,  isomorphous  salts,  yields  on  evaporation  crystals  contain- 
ing both  iron  and  nickel.  But  if  before  evaporation  the  ferrous  salt 
be  converted  into  ferric  salt,  b^  chlorine  or  other  means,  then  the 
crystals  obtained  are  free  from  iron,  except  that  of  the  mother-liquor 
which  wets  them.  The  ferric  salt  is  no  longer  isomorphous  with  the 
nickel  salt,  and  easily  separates  from  the  latter. 

Absolute  identity  of  value  in  the  angles  of  crystals  is  not  always 
exhibited  by  isomorphous  substances.  In  other  words,  small  varia- 
tions often  occur  in  the  magnitude  of  the  angles  of  crystals  of  com- 
pounds which  in  all  other  respects  show  the  closest  isomorphic 

*  From  Jvov,  equal,  aQd  n6pi^^\^  tthtt^  ot  lornsu 
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TelfttionB,  This  should  occasion  no  surprine,  aa  there  are  reasons  whr 
such  vnrifltions  might  be  eipected,  the  chief  perhaps  being  the 
nneqiiiil  effects  of  expansion  \iy  heat,  \iy  which  the  angtcts  of  the 
same  tiystal  are  changed  by  alteration  of  tenipcmture.  A  ^od 
example  is  found  in  the  case  of  the  oirbonateH  of  ciucium,  nin^eaiiini, 
mau^.Tiriese,  iron,  and  rinc,  which  are  found  nativti  crystallised  in  the 
Conn  of  olrtnse  rhombohedrona  (tig.  127,  4),  not  dislinguishable  from 
earh  other  by  the  eye,  hut  eidiibitinK  email  differences  in  their 
oncks  when  afcuntl^^y  measured.  These  compounda  arc  isomoiphons, 
and  the  meaaurementa  of  the  obtase  angles  of  their  Thoubohedrons 
are  a»  foUo»-B ; — 


Calcinri  curbouate 
AFi^nesiuni     „ 
Manganons     „ 
FeiTous  „ 


11)5"    8' 
107"  26' 

lorao* 
inr 
107°  ^y 


AniimnlieB  in  the  comjioaition  of  varions  earthy  minenilB,  whifh 
fnnuerly  threw  much  oMcnrity  upon  their  chemical  nature,  have 
Ijeen  in  j;reat  measure  explained  by  these  discoveries.  Spi'i'imens  of 
the  Bamu  laiueral  from  different  localities  were  found  to  afford  very 
djsconlant  results  on  analysia.  But  the  proof  one*  given  of  the 
extent  to  which  substitution  of  isomorphous  bodies  mav  go,  without 
destruction  of  what  mav  be  called  the  priuiitive  ty]ie  of  tde  compound, 
thexe  diliiculties  vanish. 

Decision  of  a  doubtful  point  respecting  the  constitution  of  a  com- 
pound may  iiometiines  \ie  very  satisfactorily  made  by  reference  to  its 
iBoniorj>li<ms  relations,  as  in  the  case  of  alumina  already  mentionwl, 
which  IS  isomorpliouB  with  the  sBsquioxide  of  iron  (p.  2S0). 

The  direct  determination  of  the  crystalline  forms  of  the  elemen- 
tary bodies  ia  oHen  difficult,  and  the  question  of  their  isomorphism 
is  conipliaiteil  by  the  trequent  dimorjAism  which  they  exhibit, 
but  when  compounds  are  found  to  correspond  in  clieuiieal  con- 
stitution and  crystalline  form,  it  may  sonictinies  l>i!  inferred  that 
the  elements  composing  them  are  likewise  isomorphous.  Tims,  the 
metids  miiguesium,  mac,  iron,  anil  copjier  are  ))resunie(t  to  be 
isomorjihoua.  Arsenic  and  phosphorus  have  not  the  same  crystalline 
form ;  nevertheless  they  are  said  to  lie  isomorphous,  because  arsenic 
and  phosphoric  acids  give  rise  to  combinations  which  agree  niost 
completely  in  flfjure  and  constitution.  The  chlorides,  ioilides, 
bromides,  and  fluorides  agree,  whenever  they  can  lie  oliserved,  in  the 
most  perfect  manner  ;  Hence  the  elements  themselves  are  lielieved 
to  be  isomoiTihous. 

The  subjoined  table,  taken  with  slight  modification  from  Graham's 
"  I!lement«  of  Cheniistry,"*  will  serve  to  convey  some  idea  of  the 
most  important  families  of  isomoqihous  elements  : 

•  Second  editicfo,  loL  i,  5. 176. 


homorpkaus  Groups, 

.    (^- 

(3.) 

Sodium 

Sulphur. 

Barium 

Selenium 

Strontiun\ 

Silver 

Tellurium. 

Lead. 

Thallium 
Gold 

(2.) 

(4.) 

Potassium 

MagneAiiiia 

Platinunu 

Ammonium, 

Calcium 

Iridium 

Manganese 

Oamium. 

(V.) 
Chlorine 

Iron 

Cobalt 

(5.) 

Iodine 

Nickel 

Tin 

Bromine 

Zine 

Titanium 

Fluorine 

Cadmium 

Zirconium 

Cyanogen. 

Copper 

Tungsten 

Chromium 

Molybdeniuu 

(8.) 

Aluminium. 

Tantalum 

Phosphorus 

Glucinimi. 

Niobium. 

Arsenic 

Antimony 

Bismuth 

Vanadium. 
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A  comparison  of  thi»  table  with  that  on  pa^  265  will  show  that, 
in  many  mstances,  isomorphous  elements  exhibit  equal  quantivalence 
or  combining  capacity,  and  more  generally  that  the  isomorphous 
groups  consist  wholly  of  perissad  or  wholly  of  artiad  elements. 
The  only  apparent  exception  to  this  rule  is  afforded  by  tantalum  and 
niobium,  which,  although  pentads,  are  isomorphous  wiUi  tin^ 
tungsten^  and  other  tetrad  and  hexad  elements. 


CHEMICAL  AFFINITY. 

'The  tenn  Chemicnl  Affinity,  or  Chemical  Attraction,  is  xmeA  to 
tleacrilie  that  particulnr  power  or  force,  in  virtue  of  which,  itnion,  often 
(if  a  very  intimate  and  pemionent  nature,  taken  place  between  two 
OT  more  bodies,  in  Bnch  a  way  aa  to  give  rise  to  a  luw  Hu)>stance, 
havinp,  for  the  most  part,  propertieg  completely  in  diacordance  with 
those  of  its  componeala. 

The  lit  traction  thna  exerted  between  different  kinds  of  matter  is 
to  be  dlsliiiguinhed  from  other  modifications  of  attractive  force  which 
are  excited  indiscriminately  between  all  descriptions  of  Bubstance«, 
Bomeliiiiea  at  enormous  distances,  aomelimeB  at  intervals  qnite 
inapmi'cialile.  Examples  of  the  latter  are  to  be  seen  in  cases  of 
wbicli  if  colled  coheinan,  when  the  particles  of  solid  bodies  are 
imnioviibly  bound  together  into  a  nasa.  Then  there  an;  other 
effects  of,  if  possible,  a  slill  more  obsciur  kind  ;  such  an  the  varionn 
actions  of  sarfnce,  the  adhesioQ  of  wrtiiin  liquids  to  j,']as8,  the 
repulsion  of  others,  the  ascent  of  wuter  in  narrow  tul>es,  and  a 
multitude  of  curious  phenomena  wliieh  are  descrilied  in  works  on 
Physics,  under  the  liead  of  molecular  aclumn.  From  all  these,  true 
chemical  Mtraction  may  be  at  once  <Iistin"iiishcd  by  the  deep  an<i 
conijilete  change  of  cliiimctera  which  follows  its  exertion  ;  we 
mi^'ht  indeed  define  affinity  to  be  a  force  by  which  new  substances 
are  t,'eneri)ted. 

It  seems  to  lie  a  genend  law  that  iKxlies  most  oppom?d  to  each 
nther  in  chemical  properties  evince  the  i;reatust  tendency  to  enter 
into  coniliiuation ;  and,  ctmversely,  boiOes  lietween  which  stronft 
analogies  and  resemlJnncc  can  be  trocwl  manifest  a  much  smaller 
anioiint  of  mutual  attraction.  For  example,  hydn^^'cn  and  the 
metals  tend  very  etrougly  indeed  to  combine  with  oxyj^^n,  chlorine, 
anil  ioiline,  but  -the  attraction  between  the  differ^t  members  of 
these  two  groups  ill  comparatively  feeble.  Sulphur  and  pliosphonis 
stand,  as  it  »-ere,  midway  :  they  combine  with  sulwtanccs  of  one  oini 
the  other  claKS,  their  pniperties  separating  tliem  sitlticiently  from 
tx>th.  Acids  am  drawn  towards  alkalis,  and  alkalis  towanls  acids, 
while  union  among  themselves  rarely  if  ever  takes  placa 

Nevertheless,  chemical  combination  giiuluates  so  imperceptiblv 
into  nieru  mechanical  mixtuiX!,  that  it  is  oft^n  impossible  U>  mark 
the  limit.  Solution  is  the  result  ofa  weak  kind  otnfiinity  existing 
lietween  the  substance  disfwlved  and  the  solvent — an  affinity  so 
feelile  as  completely  to  lose  one  of  its  moat  pnnninent  features 
when  in  n  more  exalted  comlitinn — namely,  power  of  CBusin^ 
elevation  of  (eniperaturo  ;  for  in  the  ncl  of  mere  solution,  the  teni- 
nerattiri'  falls,  the  heat  of  coiubimition  beuig  lost  and  overpowered 
fir  the  effects  of  change  of  state. 
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The  force  of  chemical  attraction  thus  varies  greatly  with  the 
nature  of  the  substances  between  which  it  is  exerted ;  it  is  influenced, 
moreover,  to  a  ver^  large  extent,  by  external  <»r  adventitious 
circumstances.  An  idea  formerly  prevailed  that  the  relations  of 
affinity  were  fixed  and  constant  oetween  the  same  substances,  and 
great  pains  were  taken  in  the  preparation  of  tables  exhibiting  what 
was  called  the  precedence  of  affinities.  The  order  pointed  out  in 
these  lists  is  now  acknowledged  to  represent  the  order  of  precedence 
for  the  circumstances  imder  which  the  experiments  were  made,  but 
nothing  more  ;  so  soon  as  these  circimistances  become  changed,  the 
order  is  disturbed.  The  ultimate  effect,  indeed,  is  not  the  residt  of 
the  exercise  of  one  single  focce,  but  rather  the  joint  efiect  of  a 
number,  so  complicated  and  so  variable  in  intensity,  that  in  the 
greater  number  of  cases  it  is  not  possible  to  predict  the  consequences 
of  a  yet  untried  experiment. 

It  will  be  proper  to  examine  shortly  some  of  these  extraneous 
causes  to  which  allusion  has  been  made,  which  modify  to  so  great 
an  extent  the  direct  and  original  effects  of  the  sji^cinc  attractive 
force. 

Alteration  of  temperature  may  be  reckoned  among  these. 
When  metaUic  mercury  is  heated  nearly  to  its  boiling  point,  and 
in  that  state  exposed  for  a  long  time  to  the  air,  it  absorbs  oxygen,  and 
becomes  converted  into  a  daA-red  crystalline  powder.  This  veiy 
same  substance,  when  raised  to  a  still  higher  temperature,  separates 
spontaneously  into  metallic  mercuir  and  oxygen  gas.  It  may  be 
said,  and  probably  with  truth,  that  the  latter  change  is  greatly  aided 
by  the  tendency  of  the  metal  to  assume  the  vaporous  state  ;  but 
precisely  the  same  fact  is  observed  with  another  metal,  palladium, 
which  is  not  volatile,  excepting  at  extremely  high  temperatures,  but 
which  oxidises  superficially  at  a  red  heat,  and  again  becomes  reduced 
when  the  temperature  rises  to  whiteness. 

Insolubility  and  the  power  of  vaporisation  are  perhaps,  beyond  all 
other  disturbing  causes,  the  most  potent ;  they  interfere  in  almost 
every  reaction  which  takes  place,  and  very  frequently  turn  the  scale 
when  the  opposed  forces  qo  not  greatly  diner  in  energy.  It  is 
easy  to  give  examples.  When  a  solution  of  calcium  chloride  is 
mixed  with  a  solution  of  ammonium  carbonate,  double  interchange 
ensues,  calcium  carbonate  and  ammonium  chloride  being  generat^ : 
CaCl2+(NH4),C03=CaC03  +  2NH,Cl.  Here  the  action  can  be 
shown  to  be  m  a  great  measure  aetennined  by  the  insolubility  of 
the  calcium  carbonate.  On  the  other  hand,  when  dry  calcium 
carbonate  is  powdered  and  mixed  with  ammonium  chloride,  and 
the  whole  heated  in  a  retort,  a  sublimate  of  ammonium  carbonate  is 
formed,  while  calcium  chloride  remains  behind.  In  this  instance, 
it  is  no  doubt  the  great  volatility  of  the  new  ammoniacal  salt  which 
chiefly  determines  the  kind  of  decomposition. 

When  iron  filings  are  heated  to  redness  in  a  porcelain  tube,  and 
vapour  of  water  is  passed  over  them,  the  water  undergoes  decom- 
position with  the  utmost  facility,  hydrogen  bein^r«.)^vdbs  d^jiiscvsg^s^^ 
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and  the  iron  oonverted  into  oside.  On  the  other  hand,  oxide  of  iron, 
heateil  in  a  tiibe  through  which  a  stream  of  ilry  hyilrogen  is  jMMcd, 
saiTfrs  aliuoat  iniitantaneous  reduction  to  the  metallic  xtate,  while 
the  vajtour  of  water,  carried  forwanl  by  the  CTirrent  of  gns,  escapes 
as  a  jt^t  c)f  steam  from  the  extreniit;  of  the  tube.  In  these 
exiieriinents  the  affinities  between  the  iron  and  oxygen  and  tha 
hvdrogen  and  oxygen  are  so  nearly  balanced,  that  the  dilfereuce 
of  atiiwgiihere  is  sulficiant  to  aettle  the  point  An  utmnsphere  of 
steoni  iilTi/ra  little  resistance  to  the  esciipe  of  hydrogen  ;  an  atmO' 
sphere  of  hydi^cu  buaxB  the  mme  relation  to  steam  ;  and  this 
appirently  trifling  ditferonoe  of  circnmBta:icea  is  quite  enongh  for 

What  IB  called  the  iiascent  ^aft  is  one  very  foToonilile  to  chemical 
combination.  Thus,  nitrogeo  refuees  lo  comlnne  with  gaaeoua 
hydnigi-n  ;  yet  when  these  Bubstancea  are  Himultaneoiisly  liberated 
from  some  jireTioua  combination,  they  unite  with  great  ease,  as 
when  organic  {Datters  ore  destroyed  by  heat,  or  by  spontaneons 
putrefrsctivB  chance. 

There  is  a  remarkable,  and,  at  tbe  some  time,  very  extenmve  eluB 
of  actions,  grouped  tegether  under  the  general  title  of  cases  of 
di^siitg  affinity.  Metallic  stiver  does  not  oxidise  at  any  tenipem- 
tnre  :  nay,  more,  its  oxide  is  easily  dec<:im|)osed  by  simple  heat ; 
yet  if  the  finely-divided  metal  be  mixeil  with  siliceous  matter  and 
alkali,  and  ignited,  the  whole  fuses  to  a,  yellow  tmnspnrent  g)iu>s  of 
diver  silicate.  Plntinuin  is  attacked  bv  fused  potositium  hvdmtc, 
hydrogen  )>eing  proluibly  disengaged  wliile  the  metal  in  oxidised  : 
this  is  an  eHect  which  never  happens  to  silver  under  the  eaine  cir- 
eumstuni-ea,  althi)iigh  ulver  is  a  much  more  ojddable  sulistoncc 
than  platinum.  The  fact  in,  thnt  potash  fonns  with  the  o\ide  of 
the  last-named  metal  a  kind  of  saline  compound,  in  which  tlit^ 
platinum  oxide  acta  as  an  acid  ;  and  hence  iU  foiniation  under  the 
dimoting  influence  of  the  powetful  base. 

In  the  remarkable  decompoMtions  suffered  by  vnrinns  organic 
hodies  when  heated  in  contact  with  caustic  alkali  or  lime,  wn 
have  other  examples  of  the  same  fact  Products  are  generated 
which  are  never  formerl  in  the  al>sence  of  the  hasej  the  reaction 
is  invariably  less  complicated,  and  its  reults  fewer  in  numl>er  and 
mote  definite,  than  in  the  event  of  dimple  destruction  by  a  gniduateil 
heat. 

There  is  yet  a  still  more  oltscure  class  of  ]>henomena,  called 
eaUitytic,  in  which  effects  are  brought  al>out  by  the  mere  preKnce 
of  a  sulistance  which  itwlf  undergoes  no  perceptible  change  :  the 
experiment  mentioned  in  the  chapter  on  oxygen,  in  which  thnt 
gas  is  obtained,  with  the  greatest  facility,  by  heating  a  mixture  of 
potanaium  chlomte  and  manganese  dioxide,  is  a  case  m  point.  The 
salt  is  decomposed  ot  a  very  far  lower  temperature  than  would 
otherwise  be  i-cquired,  and  vet  the  manganese  oxide  docs  not  appear 
to  undergo  any  alteration,  being  found  after  tlie  ex|>eriment  in  the 
same  state  as  Iwfore.     It  may,  however,  undergo  a  tenijiorary 
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alteration.  We  know,  indeed,  that  this  oxide  when  in  contact  with 
alkalis  is  capable  of  taking  up  an  additional  proportion  of  oxygen 
and  forming  manganic  acid ;  and  it  is  quite  possible  that  in  the 
reaction  just  considered  it  may  actually  take  oxygen  from  the 
potassium  chlorate,  and  pass  to  the  state  of  a  higher  oxide,  which, 
however,  is  immediately  decomposed,  the  additional  oxygen  being 
evolved,  and  the  dioxide  returning  to  its  original  state.  The  same 
eifect  in  facilitating  the  decomposition  of  the  chlorate  is  produced  by 
cupric  oxide,  ferric  oxide,  and  lead  oxide,  all  of  which  are  known 
to  be  susceptible  of  higher  oxidation.  The  oxides  of  zinc  and 
magnesium,  on  the  contrary,  which  do  not  form  higher  oxides,  are 
not  found  to  facilitate  the  decomposition  of  the  chlorate  ;  neither  is 
any  such  effect  produced  by  mixing  the  salt  with  other  pulverulent 
substances,  such  as  pounded  glass  or  pure  silica. 

The  so-called  catalytic  actions  are  often  mixed  up  with  other 
effects  which  are  much  more  intelligible,  as  the  action  of  finely 
divided  platinum  on  certain  gaseous  mixtures,  in  which  the  solid 
appears  to  condense  the  gas  upon  its  greatly  extended  surface,  and 
thereby  to  induce  combination  by  bringing  the  particles  within  the 
sphere  of  their  mutual  attractions. 

Influence  of  Pressure  on  Chemical  Action, — When  a  body  is  decom- 
posed by  heat  in  a  confined  space,  and  one  or  more  of  the  separated 
elements  (ultimate  or  proximate)  is  gaseous,  the  decomposition  ^oes 
on  until  the  liberated  gas  or  vapour  has  attained  a  certain  tension, 
greater  or  less  according  to  the  temperature.  So  long  as  this 
temperature  remains  constant,  no  further  decomposition  takes  place, 
neitner  does  any  portion  of  the  separated  elements  recombine :  but 
if  the  temperature  be  raised,  decomposition  recommences,  and  goes 
on  till  the  liberated  gas  or  vapour  has  attained  a  certain  higher 
tension,  also  definite  for  that  particular  temperature  ;  if  on  the  other 
hand  the  temperature  be  lowered,  recomposition  takes  place,  until 
the  tension  of  the  remaining  gas  is  reduced  to  that  which  cor- 
responds with  the  lower  temperature.  These  phenomena,  which  are 
closely  analogous  to  those  exhibited  in  the  vaporisation  of  liquids, 
have  been  especially  studied  by  DeviUe  ana  Debray.*  Deville 
designates  decomposition  under  these  conditions  by  the  term 
"  Dissociation." 

When  calcium  carbonate  is  heated  in  an  iron  tube,  from  which  the 
air  has  been  exhausted  by  means  of  a  mercury-pump,  no  decomposi- 
tion takes  place  at  300°,  and  a  scarcely  perceptiole  decomposition  at 
440°  ;  but  at  800°  (in  vapour  of  cadmium)  it  becomes  very  percep- 
tible, and  goes  on  till  the  tension  of  the  evolved  carlwn  dioxiae 
becomes  equivalent  to  85  millimeters  of  mercury  ;  there  it  stops  so 
long  as  the  temperature  remains  constant ;  but  on  raising  the 
temperature  to  1040°  (in  vapour  of  zinc)  more  carbon  dioxide  is 

♦  Watts's  Dictionary  of  Chemistry,  flrat  ^\v^^\OT«Jii\.,  ^.  ^aSi« 
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uu'lallic  cliloridcs,  in  rloscil  sjmcc.s. 

11"  the'  (KM()iiii)()StMl  body,  {\s  well  aa  one  a 
is  gaseous,  it  is  not  possible  to  obtain  ai 
the  Tnaximiim  tension  corresponding  with 
theleas  the  decomposition  is  found  to  taki 
same  general  law,  ceasing  as  soon  as  tl 
obtain^  a  certain  tension,  which  is  greati 
higher. 

It  has  long  been  known  that  chemical  co 
two  bodies  capable  of  uniting  directly,  ta 
above  a  certain  temperature,  and  that  the 
up  at  a  higher  temperature ;  but  it  is  only 
have  become  acquamted  with  the  fact  that  ] 
to  decompose  at  temperatures  considerably 
produce  in  the  act  of  combining,  and  theref< 
tion  at  that  temperature  is  never  complete. 
^ears  ago  that  water  is  resolved  into  its  ele 
intensefy  i^ted  platinum.    This  i^ction  '. 
studied  by  I)eville,  who  finds  that  when  va] 
through  a  heated  platinum  tube,    decomp 
960®-100Cy*  (about  the  melting  point  of  silvei 
a  limited  extent ;  on  raising  the  temperature  t 
position  takes  place,  but  again  only  to  a  limi 
fact  as  soon  as  the  liberated  oxygen  and  liyc 
certain  higher  tension.  The  quantity  of  these 
in  this  experiment  is,  however,  very  small, 
them  recombininsr  m  t>io"«r  •.—  -^ 
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temains  in  the  inner  tube,  and  becomes  mixed  with  carbon  dioxide 
passing  throtigh  the  porous  eeptum  in  the  opposite  direction  to  the 
nydrogen.  As  these  gases  pass  through  tne  alkaline  water,  the 
carbon  dioxide  is  absorbed,  and  a  mixture  of  hydrogen  and  oxygen 
collects  in  the  receiver.  A  gram  >of  water  passed  in  the  state  of 
vapour  through  such  an  apparatus  yields  about  a  cubic  centimeter 
of  detonating  gas. 

The  ;«tarding  influence  of  pressure  is  seen  also  in  the  action  of 
acids  upon  zinc,  or  the  electrolysis  of  water,  in  sealed  tubes.  In 
these  cases  the  elimination  of  a  gas  is  an  essential  condition  of  the 
change,  and  this  being  prevented,  the  action  is  retarded.  On  the 
other  hand,  there  are  numerous  reactions  which  are  greatly  promoted 
by  increased  pressure — those,  namely,  which  depefnd  on  the  solution 
of  cases  in  liquids,  or  on  the  prolonged  contact  of  substances  which 
under  ordinary  pressure  would  be  volatilised  by  heat. 

Relations  of  HecU  to  Chemical  Affinity. — Whatever  may  be  the  real 
nature  of  chemical  affinity,  one  most  important  fact  is  clearly 
established  with  re^rd  to  it ;  namely,  that  its  manifestations  are 
always  accompanied  by  the  production  or  annihilation  of  heat. 
Change  of  composition,  or  chemical  action,  and  heat  are  mutually 
convertible  :  a  given  amount  of  chemical  action  will  give  rise  to  a 
certain  definite  amount  of  lieat,  wliich  quantity  of  heat  must  be 
directly  or  indirectly  expended,  in  order  to  reverse  or  undo  the 
chemical  action  that  has  produced  it  The  production  of  heat  by 
chemical  action,  and  the  definite  quantitative  relation  between  the 
amoimt  of  heat  ev^olved  and  the  quantity  of  chemical  action  which 
takes  place,  are  roughly  indicated  by  the  facts  of  our  most  familiar 
experience ;  thus,  for  instance,  the  only  practically  important  method 
of  producing  heat  artificially  consists  m  chtmging  tne  elements  of 
wood  and  coal,  tosjether  with  atmospheric  oxygen,  into  carbon  dioxide 
and  water ;  and  every  one  knows  tnat  the  heat  thus  obtainable  from 
a  giiren  quantity  of  coal  it^  limited,  and  is,  at  least  approximately, 
always  the  same.  The  accurate  measurement  of  the  quantity  of 
heat  produced  by  a  given  amount  of  chemical  action  is  a  problem  of 
very  great  difficultv  ;  chiefly  because  chemical  chan^  very  seldom 
take  place  alone,  but  are  almost  always  accompanied  by  physical 
changes,  involving  further  calorimetric  effects,  each  of  which  requires 
to  be  accurately  measured  and  allowed  for,  before  the  effect  due  to 
the  chemical  action  can  be  rightly  estimated.  Thus  the  ultimate 
result  has,  in  most  cases,  to  be  deduced  from  a  great  number  of 
independent  measurements,  each  liable  to  a  certain  amount  of 
error.  It  is  therefore  not  surprising  that  the  results  of  various 
experiments  should  difler  to  a  comparatively  great  extent,  and 
that  some  uncertainty  should  still  exist  as  to  the  exact  quan- 
tity of  heat  corresponding  with  even  the  simplest  cases  of  chemical 
action. 

The  experiments  are  made  by  enclosing  the  acting  substances  in 
a  vessel  called  a  calorimeter,  surrounded  b^  \<9^\  qx  \sx^s(5sq3:^^ 
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Hydrogen 
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38881 
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Wood-charcoal 

CO, 

i  7900 
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Hlowen 

tt 
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Phosphorus— 
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P^o, 

5717 

it"' 
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The  following  results  have  been  obtained  by  the  complete  com- 
bustion of  partially  oxidised  substances  : — 


Substance. 

iVodttct. 

Units  of  heat  erolTed. 

Observer. 

Bylfrram 

of 
sabstance. 

In  formation 

of  1  molecule 

of  the  ultimate 

product. 

Carbon  monoxide,    ) 
CO      .        .        .  j 

Stannous  oxide,  SnO 

Cuprous  oxide,  CujO 

1 

CO, 

SnO, 
CuO 

(2403 
I243I 

519 

256 

67284 
68064 

69584 

18304 

J  Favre  &  Sil- 
bennann. 
Andrews. 

>f 
ft 

The  last  three  substances  in  this  table  contain  exactly  half  as 
much  oxygen  as  the  completely  oxidised  products  ;  and  on  compar- 
ing the  amount  of  heat  evolvecl  in  the  formation  of  one  molecule  of 
stannic  or  cupric  oxide  from  the  corresponding  lower  oxide,  with 
the  quantity  produced  when  a  molecule  of  the  same  product  is 
fonned  by  the  complete  oxidation  of  the  metal  in  one  operation, 
we  find  that  the  combination  of  the  second  half  of  the  oxygen  con- 
tained in  these  bodies  evolves  sensibly  half  as  much  as  the  combina- 
tion of  the  whole  quantity.  In  the  formation  of  carbon  dioxide, 
however,  the  second  half  of  the  oxygen  appears  to  develop  more  than 
two-thirds  of  the  total  amount  0/  neat ;  out  this  result  is  probably 
due,  in  part  at  least,  to  the  fact  that  when  carbon  is  burned  into 
carbon  aioxide,  a  considerable  but  unknown  quantity  of  heat  is 
expended  in  converting  the  solid  carbon  into  gas,  and  thus  escapes 
measurement ;  while,  m  carbon  monoxide,  the  carbon  already  exists 
in  the  gaseous  form,  and  therefore  no  poi;;fcion  of  the  heat  evolved  in 
the  combustion  of  this  substance  is  similarly  expended  in  producing 
a  change  of  state. 

It  seems  probable,  also,  that  a  similar  explanation  may  be  given 
of  the  inequalities  in  the  quantities  of  heat  produced  by  the  com- 
bustion of  different  varieties  of  pure  carbon  and  of  sulphur — that  is 
to  say,  that  a  portion  of  the  heat  generated  by  the  combustion  of 
diamond  and  graphite  goes  to  assimilate  their  molecular  condition 
to  that  of  wood-charcoal,  and  that  there  is  an  analogous  expenditure 
of  heat  in  the  combustion  of  native  sulphur. 

The  quantities  of  heat  evolved  in  the  combination  of  chlorine, 
bromine,  and  iodine  with  other  elements  have  been  determined  by 
Favre  and  Silbenuann,  Andrews,  and  others ;  but  we  must  refer  to 
larger  works  for  the  results.* 


Watts's  Dictionary  of  Chemistlry,  mA^. 
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ELECTRO-CHEMICAL  DECOMPOSITION ;  CHEMISTRY 

OF  THE  VOLTAIC  PILE. 

When  a  voltaic  current  of  considerable  power  is  made  to  traverse 
various  compound  liqnids,  a  separation  of  the  elements  of  these 
liquids  ensues  :  provided  that  the  liquid  be  capable  of  conducting  the 
current,  its  decomposition  almost  always  follows. 

The  elements  ai'e  disengaged  solely  at  the  limiting  surfaces  of  the 
liquid,  where,  according  to  Uie  common  mode  of  speech,  the  current 


contrary,  make  their  appearance  with  perfect  unilbrmity  and  con- 
stancy at  one  or  the  other,  according  to  their  chemical  character, 
namely,  oxygen,  chlorine,  iodine,  acids,  &c.,  at  the  surface  connected 
with  the  copper,  or  positive  end  of  the  battery ;  hydrogen,  the  metals, 
&c.,  at  the  surface  m  connection  with  the  zxnc,  or  negative  extremity 
of  the  arrangement. 

The  terminations  of  the  battery  itself — usually,  but  by  no  means 
necessarily,  of  metal — are  designated  poles  or  electrodes,*  as  by  their 
intervention  the  liquid  to  be  experimented  on  is  made  a  part  of  the 
circuit.  The  process  of  decomposition  by  the  current  is  called 
tlectrolygisyf  and  the  liquids,  which,  when  thus  treated,  yield  up  their 
elements,  are  denominated  electrolytes. 

When  a  pair  of  platinum  plates  are  plunged  into  a  glass  of  water 
to  which  a  few  drops  of  ou  of  vitriol  have  been  aaded,  and  the 
plates  connected  by  wires  with  the  extremities  of  an  active  batteiy, 
oxygen  is  disengaged  at  the  positive  electrode,  and  hydrogen  at  the 
negative,  in  the  proportion  of  one  measure  of  the  former  to  two  of 
the  latter  nearly.     This  experiment  has  already  been  described.  J 

A  solution  of  hydrochloric  acid  mixed  with  a  little  Saxon  blue 
(indigo),  and  treated  in  the  same  manner,  yields  hydrogen  on  the 
negative  side  and  chlorine  on  the  positive,  the  indigo  there  becoming 
bleached. 

Potassium  iodide  dissolved  in  water  is  decomposed  in  a  similar 
manner :  the  free  iodine  at  the  positive  side  can  be  recognised  by 
its  brown  colour,  or  by  the  addition  of  a  little  gelatinous  starch. 

All  liquids  are  not  electrolytes ;  many  refuse  to  conduct,  and  no 
decomposition  can  then  occur ;  alcohol,  ether,  numerous  essential 
oils,  and  other  products  of  organic  chemistry,  besides  a  few  saline 
inorganic  compounds,  act  in  this  manner,  and  completely  arrest  the 
current  of  a  powerful  battery. 

One  of  the  most  important  and  indisx>en8able  conditions  of  elec- 

*  From  hXeicTpovy  and  <JW«,  a  way. 

f  From  iKsKTpoif,  and  \69uf,  to  Kxwq.  X^^'^'^^« 
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trolvr^is  is  fiuidity  ;  ><odieB  which,  vhva  reduced  to  the  liqnid  state, 
uonduct  freely,  and  as  freely  suffer  decompoMtioii,  betoiue  absolute 
insulators  to  the  electriciW  of  the  battery  irhen  they  become  solid. 
Leud  chloride  offen  a  good  iUiutrntion  of  this  fact :  when  fused  is 
a  porculniii  crucible,  it  giree  up  its  elementa  with  the  utnioet  ease, 
and  a  (^alTanometer,  interpoeed  in  the  circuit,  is  etn>nglj  alfected. 
But  whea  the  source  of  heat  is  withdcBwn,  and  the  salt  Buffered  to 
solidify,  idgns  of  decomposition  cease,  and  at  the  euine  moment  the 
niiigtK'lic  needle  restiaimiefl  ila  natural  poddon.  In  the  same  manner, 
the  thiuneat  film  of  ice  iim«t«  the  current  of  a  powerful  voltaic 
oppiriilUBj  but  the  instant  the  ice  is  liquefied,  so  that  water  com- 
uiuuicution  is  restored  between  the  electrodes,  the  current  ajisin 
passes,  ntid  decompositiou  occurs.  Fusion  by  heat,  and  solution  ia 
aqueous  liqnida,  answer  the  purpose  equally  well. 

Generally  speaking,  compound  liquids  cannot  conduct  the  electric 
current  without  being  decoro])OBed  ;  hut  still  there  are  a  few  exx^p- 
tiong  to  this  Blatement,  which  perhaps  aic  more  aiijiarent  than  niaL 
Thus  Hiltorf  has  ehown  that  fuaed  sil^^^  eulphide,  which  was 
formerly  r^aided  as  one  of  the  exceptions,  cannot  be  conaidei«d  to 
be  sii,  and  Beetz  has  since  proved  the  same  to  be  the  cafe  as  regardB 
nienuric  iodide  and  Irad  fluoride. 

Tlie  quautity  of  any  Kiveu  compound  liquid  which  can  1*  decom- 
posed by  any  given  electric  lattery  depends  ou  the  resistimce  of  the 
liquid  :  the  moiv  resistano!  the  less  decomposition  Distilled  water 
hiM  only  a  small  power  of  conduction,  and  is  therefore  only  sliuhtly 
decomjiosed  by  a  Imtteiy  of  30  to  4()  jiairs ;  whilst  diluted  suliihuric 
acid  is  one  of  the  best  of  Huid  conductors,  and  uudei^>ucii  rapid 
decomposition  bv  a  small  batterv. 

^\'hen  a  liquid  which  can  lie  decomposed,  niid  a  );a1vauometer.  are 
incluiled  in  toe  circuit  of  an  electric  current,  if  the  needle  of  the 
^rauometer  lie  deflected,  it  may  !«  always  assumed  a.'!  certain 
uiat  a  portion  of  lii|iud,  bearing  a  proportion  to  the  stn'u^rth  of  the 
current,  is  decomposed,  although  it  tuav  be  imposi^iMe  in  mniiy 
cases,  without  special  contrivances,  to  detect  the  pi-odiu-ts  of  the 
decomposition,  on  account  of  their  minuteness. 

The  metallic  terminations  of  the  buttery,  the  pole»  or  elect  rod i-.=, 
have,  in  themselves,  nothing;  in  tbe  shape  of  attru<'Iive  or  reiiuli^ivi' 
power  for  the  elements  separated  at  their  surfiices.  Finely  di\-idnl 
metjil  suspended  in  water,  orcblorine  held  in  solution  in  that  liquid, 
shows  not  the  leiist  symptom  of  a  tendency  to  accumulate  arnund 
them  ;  a  single  element  i*  altogether  unaffected — directly,  at  Kuist ; 
sepamtion  from  previous  combination  is  required,  in  order  that  this 
appearance  should  he  exhibited. 

It  is  necessary  to  examine  the  process  of  electrolyt^is  a  little  more 
closely.  When  a  portion  of  hydrochloric  acid,  for  example,  is  sitlv 
ieeteil  to  decomposition  in  a  ftla-^s  vessel  with  pandlel  sides,  cblorine 
IB  disenpi^|:ed  nt  the  positive  elect roile,  and  hydro]if'Ti  at  thi'  lu'fnitive  : 
the  erases  are  perfectly  pure  and  unnii.\ed.  If,  while  the  defompof^i- 
tion  is  m;ii(IIy  proceeding,  the  int>;ivening  liquid  be  examined  by  a 
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beam  of  light,  or  by  other  means,  not  the  slightest  disturbance  or 
movement  of  any  kind  will  be  perceived ;  notiiing  like  currents  in 
the  liquid  or  bodily  transfer  of  gas  from  one  part  to  another  can  be 
detected;  and  yet  two  portions  of  hydrocnloric  acid,  separated 
perhaps  by  an  interval  of  four  or  five  inches,  may  be  respectively 
evolvmg  pure  chlorine  and  pure  hydroeen. 

There  is,  it  would  seem,  but  one  mode  of  explaining  this  and  all 
similar  cases  of  regiUar  electrolytic  decomposition :  this  is  by  assum- 
ing that  all  the  particles  of  hydrochloric  add  between  the  electrodes, 
and  by  which  the  current  is  conve^^  simultaneously  suffer  decom- 
position, the  hydrogen  travelling  in  one  direction,  and  the  chlorine 
in  the  other.  The  neighbouring  elements,  thus  broujght  into  close 
proximity,  unite  and  reproduce  nydrochloric  acid,  again  destined  to 
ne  decomposed  bv  a  repetition  of  the  same  change.  In  this  manner 
each  particle  of  hydrogen  may  be  made  to  travel  in  one  direction, 
by  becoming  successively  united  to  each  particle  of  chlorine  between 
itself  and  the  negative  electrode  ;  when  it  reaches  the  latter,  finding 
no  disengaged  particle  of  chlorine  for  its  reception,  it  is  rejected, 
as  it  were,  from  the  series,  and  thrown  off  in  a  separate  state. 
The  same  thing  happens  to  each  particle  of  chlorine,  which  at 
the  same  time  passes  continually  in  the  opposite  direction,  by 
combining  successively  with  each  particle  of  hyorogen,  that  moment 
separated,  with  whicn  it  meets,  until  at  length  it  arrives  at  the 
positive  plate  or  wire,  and  is  disengaged.  A  succession  of  particles 
of  hydrogen  is  thus  continually  thrown  off  from  the  decomposing 
mass  at  one  extremity,  and  a  corresponding  succession  of  particles 
of  chlorine  at  the  other.  The  power  of  the  current  is  exerted 
with  equal  energy  in  every  part  of  the  liquid  conductor,  though 

Fig.  182. 


Hydrochloric  acid  in  iu  usual  state. 

its  effects  become  manifest  only  at  the  very  extremities.    The  action 
is  one  of  a  purely  molecular  or  internal  nature,  and  the  metallic 

Tig,  138. 


Hydrochloric  acid  undergoing  electrolysis. 


terminations  of  the  battery  merely  serve  the  purpose  of  com^letvcva 
the  connection  between  tfie  latter  and  the  lic^ui^L  to\^  ^<w»\K:^'eRSL. 
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The  figures  133  and  133  ue  intendfid  to  aasist  tlie  iioaipii&tion  oTi 
reader,  who  miiBt  st  the  wme  time  SToid  regaiJiot;  them  in   ~ 
Other  light  than  that  of  «  tomewhat  figurative  mode  of  repreaei 
the  pbcDomeiia  described.    The  circl^  are  inleuded  to  indicate 
elementA,  and  are  distiiiaiii«faed  br  their  nepecti^'e  B.rmbol& 

Like  hydrochloric  ucid.  nU  electroljtes,  when  ncleS  on  by  elecUi- 
city,  are  split  into  two  conatitnenLB,  which  pass  in  opposite  directions. 
SnlstonoM  of  the  one  claas,  like  oiycen,  chlorine,  &c.,  are  evolrad 
at  thi:  poeitire  elertrode ;  thoGC  of  tAe  other  class,  like  hydrogen 
and  the  metoU,  at  the  negative  electrode. 

It  i^  of  importance  to  i^nuxk  tbiit  osygen-soltB,  soch  as  Bolphatw 
B.nd  nitiatee,  when  acted  on  bv  the  cur^nl,  do  not  ilivide  into  acid 
and  hasic  oxide,  but,  as  Daniell  and  Miller  proved,  into  metal  and  a 
compoiind  aubBtance,  or  gronp  of  elements,  which  la  tran.i(eiTed  in 
such  a  Htate  of  aasr>ciation  thftt,  as  rc^rda  its  ekctriciil  behaviour,  it 
represents  an  element.  Thos,  cnpnc  sulphate,  CaSO,,  splits,  not 
into  SOj  and  CnO,  but  into  metallic  coppe-r  and  mtpkione,  SO,.  Hy- 
drogen sulphate,  or  sulDfaurie  acid,  H^O,,  divides  into  the  same 
compound  gionp  and  hydrogen.  In  a  aiiuilar  way,  also,  the  part  of 
the  fleet ro^t«  whirU  pitwi'S  to  thi?  ni'^iitive  pnle  uiiiy  eonfiM  of  a 
group  of  elements.  A  solution  ot  sal-ammoniac,  XH,Ol,  furnishes  a 
beautiful  instance  of  this  fact,  since  it  is  decumpoted  bv  the  current 
in  such  a  manner  that  the  ammonium,  NH,,  goes  to  the  uc'.'ative 
pole,  where  it  is  rcsolveil  into  ammonia,  SHj,  and  five  hydrogen, 
and  the  chlorine  to  the  piwitive  i>ole. 

A  ilintinction  must  be  carefully  drawn  betw^een  true  and  regulnr 
electrolysis,  and  what  is  calleil  secondary  decomposition,  brou^^ht 
about  by  the  reaction  of  the  bodies  so  eliminated  upon  the  xurrouiid- 
itij^liuiiid.or  upon  the  sulistance  of  the  electMiles :  hence  theadvan- 
ISiK  of  platinum  fur  the  latter  purpose,  when  electrolytic  actions  are 
to  lie  studied  in  their  greatest  simplicity,  that  metal  being  scarcely  at- 
tacked by  any  ordinary  agents.  When,  for  example,  a  solution  of  lend 
nitrate  or  acetate  is  decomposed  by  the  current  between  platinum 
plates,  metallic  lead  is  deposited  at  the  negative  side,  and  a  brimn 
)iiiwdur,  lead  dioxide,  at  the  positive  :  the  latter  substance  is  the  re- 
sult of  a  secondary  action  ;  it  proceeds,  in  fact,  from  the  nascent  o.\y- 
gen,  at  the  moment  of  its  lilietution,  reacting  upon  the  monoxide  of 
lead  present  in  Uie  salt,  and  conveiting  it  into  dioxide,  which  is 
ijiHoluble  in  the  dilute  acid.  When  nitric  acid  is  decomposed,  no 
hyilrogen  appears  at  the  negative  electrode,  because  it  is  oxidised  at 
the  exjienee  of  the  acid,  which  is  reduced  to  nitrous  acid.  When 
potasflimn  sulphate,  K^SO,,  is  electrolysed,  hydrogen  appears  at  the 
negative  electrode,  t<^ether  with  on  equivalent  quantity  of  potus-iium 
hydroxide,  KHO,  because  the  potassium  which  is  evolved  at  the 
electrode  immediately  decoinposes  the  water  there  present.  At  the 
same  lime,  the  sulpluoue,  SO,,  which  is  transferred  to  the  positive 
electrode,  takes  hydrogen  from  the  water  there  present,  forming  sul- 
pbimc  acid,  UjSOu  and  liberating  oxygen.  In  like  manner  hydro- 
gea  ealpb&ie,  or  eulphur'ic  aciii\ViieU,\K  wwAved  by  the  current  into 
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hydrogen  and  Bulphioney  whicli  latter  deeomposes  the  water  at  the 
positive  electrode,  reproducing  hydrogen  sulphate,  and  liberating 
oxygen,  Just  as  if  the  water  itself  were  directly  decomposed  by  the 
current  into  hydrogen  and  oxygen.  A  similar  action  takes  place  in 
the  electrolytic  decomposition  of  any  other  oxygen  salt  of  an  alkali- 
metal,  or  alkaline  earth-metal,  alkali  and  hydrogen  gas  making 
their  appearance  at  the  negative  electrode,  acid  and  oxygen  gas  at 
the  positive  electrode.  Tms  observation  explains  a  circumstance 
whicn  much  perplexed  the  earlier  experimenters  upon  the  chemical 
action  of  the  voltaic  battery.  In  all  experiments  in  which  water 
was  decomposed,  both  acid  and  alkali  were  liberated  at  the  electrodes, 
even  though  distilled  water  was  employed;  and  hence  it  was 
believed  for  some  time  that  the  voltldc  current  had  some  mysterious 
power  of  generating  acid  and  alkaline  matter.  The  true  source  of 
these  compounds  was,  however,  traced  by  Davy,*  who  showed  that 
they  proceeded  from  impurities  either  in  the  water  itself,  or  in  the 
vessels  which  contained  it,  or  in  the  surrounding  atmosphere. 
Having  proved  thitt  ordinary  distilled  water  always  contains  traces 
of  saline  matter,  he  redistilled  it  at  a  temperature  below  the  boiling 
point,  in  order  to  avoid  all  risk  of  carrying  over  salts  by  splashing, 
be  then  found  that  when  marble  cups  were  used  to  contain  the 
water  used  for  decomposition,  hydrochloric  acid  appeared  at  the  posi- 
tive electrode,  soda  at  the  negative,  both  being  derived  from  sodium 
chloride  present  in  the  marble;  when  agate  cups  were  used,  he 
obtained  silica  ;  and  when  he  used  gold  vessels,  he  obtained  nitric 
acid  and  ammonia,  which  he  traced  to  atmospheric  air.  By  operat- 
ing in  a  yacuum,  indeed,  the  quantity  of  acid  and  alkali  was  reduced 
to  a  minimum,  but  the  decomposition  was  almost  arrested,  although 
he  operated  with  a  battery  of  fifty  pairs  of  4-inch  plates.  Hence  it 
is  manifest  that  vxiter  itself  is  not  an  eUctrolytey  but  that  it  is  enabled 
to  convey  the  current  if  it  contains  only  traces  of  saline  matter.t 

Definite  Chemical  Action  of  the  Electric  Gurrent. — If  a  number  of 
different  electrolytes,  such  as  dilute  sulphuric  acid,  cupric  sulphate, 
potassium  iodide,  fused  lead  chloride,  &c.,  be  arranged  in  a  series, 
and  the  same  current  be^made  to  traverse  the  whole,  all  will  suffer 
decomposition  at  the  same  time,  but  by  no  means  to  the  same 
amount.  If  arrangements  be  made  by  wnich  the  quantities  of  the 
eliminated  elements  can  be  accurately  ascertained,  it  will  be  found, 
when  the  decomposition  has  proceeded  to  some  extent,  that  these 
latter  have  been  disengaged  exactly  in  the  ratio  of  their  chemical 
equivalents.  The  same  current  which  decomposes  9  parts  of  water 
will  separate  into  their  elements  166  parts  oi  potassium  iodide,  139 
parts  of  lead  chloride,  &c.  Hence  the  very  important  conclusion  : 
The  action  of  the  current  is  perfectly  definite  in  its  naiure,  producing 
a  fixed  and  constant  amount  of  decomposition^  expressed  in  each 
electrolyte  by  the  value  of  its  chem/ical  eqvivcUent, 

From  a  very  extended  series  of  experiments,  based  on  this  and. 

*  Philosophical  Transactioiis,  1807.  i  MiUei's  C^«Q^c»3L^\ii^<!»,>  'iS^^ 


293:  ELKCTBO-CHKMICAL  DECOMPOaiTIOX  ; 

other  methods  of  reeearch,  Farodav  was  enabled  to  draw  the  genera] 
inference  that  effecte  of  chemical  decomposition  are  always  propor- 
tional U>  the  quantity  of  circulatinj^  electricity,  and  may  be  taken 
as  on  accurate  and  truBtworthy  nieaauK  of  the  latter.  Quidcd  bj* 
this  highly  important  principle,  he  constructed  his  voltameter,  an 

""■' ent  which  has  rendered  the  grcateat  service  to  eleetneal 

This  is  meiely  an  arrangement  by  which  dilute  sulphuric 
acid  ia  decompoeed  by  the  current,  the  gas 
evolved  being  collected  and  meaflmed. 
By  placing  such  an  iutitrumcut  in  any 
part  of  the  circuit,  the  qunutity  of  elecCrio 
force  neiwBsary  to  produce  any  given 
effect  cfkU  be  at  once  estimnted ;  or,  on 
tlic  other  band,  any  required  amount  of 
the  latter  can  be,  as  it  were,  meaaured 
out  and  adjusted  to  the  object  iu  view. 
The  voltameter  has  received  many  dif- 
ferent forma ;  one  of  the  mosteiteuaivelT 
uwfiil  is  tbat  shown  in  fig.  134,  in  wbicn 
the  platinum  plates  are  separated  by  a  very 
Biiwill  interval,  uitil  tli..'  t;»s  i*  coliecU'd  in 
a  graduated  jar  standing  on  the  sh(;tf  of 
tbe  pneumatic  trough,  the  tube  of  the  instrument,  which  is  tilled 
to  the  neck  with  dilute  sulphuric  acid,  being  passed  beneath  the  jar. 
The  decompositions  produced  by  the  voltaic  battery  can  be 
Inflected  by  the  electricity  of  the  common  machine,  bv  that  developed 
by  mi^ftetic  action,  and  by  that  of  animal  origin,  but  to  an  extent 
incomparably  more  minute.  This  arixea  fr'im  the  very  small 
qaanttly  of  electricity  set  in  motion  by  the  machine,  although  it^ 
leiMum — that  is,  power  of  overcoming  obstacles,  and  pasising  through 
imjierfcct  conductors — is  exceedingly  great.  A.  Mir  of  siiiull  wiivs 
iif  zinc  and  platinum,  dipping  into  a  single  drop  of  dilute  acid, 
develops  far  more  electricity,  to  judge  from  the  chemical  effects  of 
luch  un  arrangement,  than  veiy  many  turns  of  a  laroe  plate  elec- 
trical machine  in  powerful  action.     Nevertheless,  polar  or  electro- 


Theory  of  tht  Voltaic  Batteni. — With  a  knowledge  of  the  prin- 
ciples just  laid  down,  the  study  of  the  voltaic  botterv  may  be  re- 
sumed and  completed.  In  the  first  place,  two  very  different  views 
have  iM'en  held  concerning  tlie  source  of  the  electrical  disturbance 
in  that  apparatus.  Volta  himself  aacrilwd  it  to  mere  contact  of 
dissimilar  metals  or  other  substances  conducting  electricity, — to 
what  was  denominated  an  eUctro-nwtive  force,  called  into  being 
by  such  contacL  Proof  was  supjxised  to  be  given  of  this  funda- 
mental proposition  by  an  experiment  in  which  discs  of  zinc  and 
copper  attached  to  insulating  handles,  after  heiuL'  brought  into 
.  ciose  contact,  were  found,  \>3  W  kv4  ol  a  nmy  dL-licate  gold-leaf 
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electroscope,  to  l)e  in  opposite  electrical  states.  It  appears,  howev^, 
that  the  more  carefully  this  exi)eriment  is  made,  the  smaller  is  the 
effect  observed;  and  hence  it  is  judged  highly  probable  that  the 
whole  may  be  due  to  accidental  causes,  against  which  it  is  almost 
impossible  to  guard. 

On  the  other  hand,  the  observation  was  soon  made  that  the  power 
of  the  battery  always  bears  some  kind  of  proportion  to  the  chemical 
action  upon  the  zinc ;  that,  for  instance,  when  pure  water  is  used, 
the  effect  is  extremely  feeble ;  with  a  solution  of  salt,  it  becomes 
much  greater;  and,  lastly,  with  dilute  acid,  greatest  of  all;  so  that 
some  relation  evidently  exists  between  the  chemical  effect  upon  the 
metal  and  the  evolution  of  electrical  force. 

The  experiments  of  Faraday  and  Daniel  have  given  very  ^;reat 
support  to  the  chemical  theory,  by  showing  that  the  contact  ot  dis- 
similar metals  is  not  necessary  in  order  to  call  into  being  powerful 
electrical  currents,  and  that  the  development  of  electrical  force  is 
not  only  in  some  way  connected  with  the  chemical  action  of  the 
liquid  of  the  battery,  but  that  it  is  always  in  direct  proportion  to 
the  latter.  One  very  beautiful  experiment,  in  which  electrolytic 
decomposition  of  potassium  iodide  is  performed  by  a  current  gene- 
rated without  any  contact  of  dissimilar  metals,  can  be  thus  made : — 
A  nlate  of  zinc  is  bent  at  a  right  angle,  and  cleaned  by  rubbii^ 
witn  sand-paper.  A  plate  of  platinum  has  a  wire  of  the  same 
metal  attached  to  it  by  careful  riveting,  and  the 
wire  is  bent  into  an  arch.  A  piece  of  folded  filter- 
])aper  is  wetted  with  solution  of  potassium  iodide, 
aiid  placed  upon  the  zinc ;  the  platinum  plate  is 
arranged  opposite  to  the  latter,  with  the  end  of  its 
wire  resting  upon  the  paper ;  and  then  the  pair  is 
plimged  into  a  glass  of  dilute  sulphuric,  mixed 
with  a  few  drops  of  nitric  acid.  A  orown  spot  of 
iodine  becomes  in  a  moment  evident  beneath  the 
extremity  of  the  platinum  wire-that  is,  at  the 
positive  side  of  the  arrangement. 

A  strong  argument  in  favour  of  the  chemical 
view  IB  foimded  on  the  easily  proved  fact,  that  the 
direction  of  the  current  is  determined  by  the  kind 
of  action  iipon  the  metals,  the  one  least  attacked  being  always 
positive.  Let  two  polished  plates,  the  one  iron  and  the  other 
copper,  be  connected  by  wires  with  a  galvanometer,  and  then 
immersed  in  a  solution  oi  an  alkaline  sulphide.  The  needle  in  a 
moment  indicates  a  powerful  current,  passing  from  the  copper 
through  the  liquid  to  the  iron,  and  bacK  again  through  the  wire. 
Let  the  plates  oe  now  removed,  cleaned,  and  plunged  into  dilute 
acid  ;  the  needle  is  a^n  driven  round,  but  in  the  opposite  direction, 
the  current  now  passmg  from  the  iron  through  the  liquid  to  the 
copper.  In  the  nrst  instance,  the  copper  is  acted  upon,  and  not  the 
iron ;  in  the  second,  these  conditions  are  reversed,  and  with  them 
the  direction  of  the  current. 


Fig.  186. 
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The  metnls  employed  in  tbe  constraclion  of  voltaic  bittteriefl  US 
line  for  the  active  metnl,  and  copper,  silver,  or,  stiU  better,  pU- 
tinum,  for  the  inactive  one  :  tbe  greater  the  difference  of  oxidahtutv, 
tlie  better  the  arrsngemeDt.  The  liquid  ijs  either  dilute  sulphuric 
acicf,  fotiietimes  mixed  with  a  little  nitric,  or  occasionally,  where 
very  slow  and  lonK-continned  action  is  wanted,  Hitt  and  water. 
To  ohlain  the  nuiiiinum  effect  of  the  apparatua  with  the  least 
expendilura  of  zinc,  that  metal  must  be  employed  in  a  pure  atate, 
or  its  surface  must  be  covered  with  an  amalgam,  winch  in  its 
eleclrical  relations  closely  resembleii  the  pure  metal.  The  rine  is 
easily  brought  into  this  condition  by  wetting  it  with  dilute  buI- 
phnric  acid,  and  then  nibbing  a  little  mercury  over  it,  by  means 
of  a  piece  of  rag  tied  to  a  stick. 

The  principle  of  the  compound  battery  is,  perhnpff,  beat  reen  in 
the  crown  of  cups ;  by  each  alternation  of  zinc,  fluid,  arid  topper,  the 
currunl  is  urged  forwards  with  tiicressed  energy ;  its  intensity  is 
augmented,  but  the  actual  amount  of  electrical  force  thrown  into 
the  current  form  ia  not  incraaeed.  The  quantity,  estimated  by  ita 
decomposing  power,  is,  in  fact,  det^mined  by  that  of  the  amatlest 
and  lea^t  active  pair  of  plates,  the  quantity  of  electricity  in  every 
part  or  Bectiuii  ol  the  ciri'iiil  being  cxai'tly  cjun).  Hemic  liirf,i.'  and 
small  plates,  batteries  strongly  and  weatly  charged,  can  never  be 
connected  without  great  loss  of  power. 

When  a  battery,  either  simple  or  compound,  constructed  with 
pure  or  with  amalgamated  zinc,  is  charged  with  dilute  sulphuric 
acid,  a  number  of  highly  interesting  phenomena  may  be  obger\'ed. 
While  the  circuit  remains  broken,  the  zinc  is  perfectly  inactive,  no 
acid  is  decomposed,  no  hydrogen  liberated;  but  the  moment  the  con- 
nection is  completed,  torrents  of  hydrogen  arise,  not  from  the  zinc, 
but  from  the  copner  or  platinum  surfaces  alone,  wliile  the  zinc  under- 
goes trawjuil  ana  imperceptible  oxidation  and  solution.  Thua,exactly 
the  same  effects  are  seen  to  occurin  every  active  cell  of  a  closed  cir- 
cuit, that  are  witnessed  in  a  portion  of  sulphuric  acid  undergoing 
electrolysis :  oxygen  appears  at  the  positive  side,  with  respect  to  the 
current,  and  hydrogen  at  the  negative ;  but  with  this  diHerence,  that 
the  oxygen,  instead  of  being  set  Iree,  combines  with  the  zinc.  It  is, 
in  fact,  a  real  case  of  electrolysis,  and  electrolytes  alone  are  available 
as  exciting  liquids. 

Common  zinc  is  very  readily  attacked  and  dissolved  by  dilute 
sulphuric  acid ;  and  this  is  usuallv  supposed  to  arise  from  tbe 
formation  of  a  multitude  of  little  voltaic  circles,  by  the  aid  of  par- 
ticles of  foreij^  metals  or  graphite,  partially  imbedded  in  the  zinc. 
This  gives  nse  in  the  batteiy  to  what  is  called  local  action,  bv 
which,  in  the  common  forms  of  apparatus,  three-fourths  or  more  of 
the  metal  is  often  consumed,  witnnut  contributing  in  the  least  to 
the  general  effect,  but,  on  the  contrary,  injuring  it  to  some  exttnt. 
This  evil  is  got  rid  of  by  amalgamating  the  suri'ncc. 

By  carefiU  experiments,  in  which  local  action  was  completely 
sFoided,  it  has  been  distinctly  proved  that  the  quantity  of  electricity 
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set  in  motion  by  the  battery  varies  exactly  with  the  zinc  dissolved. 
Coupling  this  fact  with  that  of  the  definite  action  of  the  current,  it 
will  be  seen  that  when  a  perfect  battery  of  this  kind  is  employed  to 
decompose  hydrochloric  acid,  in  order  to  evolve  1  ^rain  of  hydrogen 
from  the  latter,  32*5  grains  of  zinc  must  be  dissolved  as  chloride,, 
and  its  equivalent  quantity  of  hydrogen  disengaged  in  each  active 
cell  of  the  battery — that  is  to  say,  that  the  electrical  force  generated 
by  the  solution  of  an  equivalent  of  zinc  in  the  battery  is  capable  of 
effecting  the  decomposition  of  an  equivalent  of  hydrochloiic  acid  or 
anv  other  electrolyte  out  of  it. 

This  is  an  exceedingly  important  discovery :  it  serves  to  show, 
in  the  most  striking  manner,  the  intimate  nature  of  the  connection 
between  chemical  and  electrical  forces,  and  their  remarkable  quanti- 
tative or  equivalent  relations.  It  almost  seems,  to  use  an  expres- 
sion of  Farady,  as  if  a  transfer  of  chemical  force  took  place 
through  the  substance  of  solid  metallic  conductors  ;  that  chemical 
actions,  called  into  play  in  one  portion  of  the  circuit,  could  be 
made  at  pleasure  to  exhibit  their  effects  without  loss  or  diminution 
in  any  other. 

EUcirO'Ckemical  Theory, — There  is  an  hypothesis,  not  of  recent 
date,  long  countenanced  and  supported  by  the  illustrious  Berzelius, 
which  refers  all  chemical  phenomena  to  electrical  forces — which 
supposes  that  bodies  combine  because  they  are  in  opposite  electrical 
states;  and  that  even  the  heat  and  light  accompanying  chemical 
union  may  be,  to  a  certain  extent,  accounted  for  in  this  manner ; 
that,  in  short,  so  far  as  our  present  knowledge  goes,  either  electric  or 
chemical  action  may  be  assumed  as  cause  or  effect :  it  may  be  that 
electricity  is  mereiy  a  form  or  modification  of  ordinary  chemical 
affinity ;  or,  on  the  other  hand,  that  all  chemical  action  is  a  mani- 
festation of  electrical  force. 

This  electro-chemical  theory  is  no  longer  received  as  a  true 
explanation  of  chemical  phenomena  to  the  full  extent  intended  by  its 
author.  Berzelius,  indeed,  supposed  that  the  combining  tendencies 
of  elements,  and  their  functions  in  compounds,  depend  altogether 
on  their  electric  polarity  ;  and  accordingly  he  divided  the  elements 
into  two  classes,  the  electro-positive,  which  like  hydrogen  and 
the  metals,  move  towards  the  negative  pole  of  the  battery,  as  if 
they  were  attracted  by  it,  and  the  electro-negative,  which,  like 
oxygen,  chlorine,  and  bromine,  move  towards  the  positive  pole. 
We  are,  however,  acquainted  with  a  host  of  phenomena  which  show 
that  the  chemical  functions  of  an  element  depend  upon  its  position 
with  regard  to  other  elements  in  a  compound,  quite  as  much  as 
upon  its  individual  character.  Thus  chlorine,  the  very  type  of  an 
electro-negative  element,  can  be  substituted  for  hydrogen,  one  of 
the  most  positive  of  the  elements,  in  a  large  number  of  compounds, 
yielding  new  products,  which  exhibit  the  closest  analogy  in  compo- 
sition and  properties  to  the  compounds  from  which  they  are  derived. 
It  is  impossible,  therefore,  to  admit  that  the  chemical  functiQn&  q(. 
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bodies  aredetemiinediatclitBivelybj- their  eliictricaJ  relatioiiB,  Still 
it  ie  true  in  a  j^neral  vray  that  those  elcmi^nU  vhich  diifer  tu<wt 
Btroiigly  in  their  electrical  characters,  chlorine  and  potassium,  for 
example,  are  likewise  those  which  combiue  together  with  the  greatest 
eiu^i'gy ;  and  the  divirion  of  bodies  intoelecbiKpointive  and  eledzo- 
neRntive  is  therefore  retained;  the  former  are  also  called  acid  ot.l 
chlorous,  and  the  latter  hasylous  or  zincoue.  f 

ConnlarU  Batlerifg. — In  all  the  older  forms  of  the  vollaic  Imttery, 
such  as  those  described  ou]iages  105, 106,the))owern<]iidlv  decreases, 
a  short  time,  scarcely  the  tenth  part  of  tbe  origiDsl 
This  loss  of  power  depends,  jjartly  on  the  grvlual 
change  of  the  sulphuric  acid  ioto  idnc  smpliat«, 
but  still  more  on  the  coating  of  hydrogen,  and, 
at  a  later  stage,  on  the  precipitation  of  metallic 
,,   zinc  on  the  copper  plains.    It  is  self-eTident 
that  if  the  copper  plat«  in  the  liquid  became 
covered  with  unc,  it  woald  act  electrically  like 
a  sine  plate. 

An  apparatus  of  immense  vnhie  for  purposes 
nf  i-lectro-chemicnl  riiSfiircli,  in  which  it  in 
desired  to  mnintain  powerful  and  eiiuuble  cur- 
rents for  many  successive  hours,  was  contrived  bv 
the  late  Professor  Daniell  (fig.  138).  Each  cetl 
of  this  "  constant "  Lattery  consists  of  a  copper 
cylinder  3^  inches  in  diameter,  and  of  a  height 
Tarying  from  6  to  18  inches.     The  nine  is  em- 

Sloyed  in  the  form  of  a.  rod  j  of  an  inch  in 
ianieter,  carefully  amalgamated,  and  snsjifnded 
in  the  centre  of  the  cylinder,  A  weond  cell  of 
]ioroii»  earlliMiware  or  animal  membrane  inter- 
venes between  the  zinc  and  the  copper  :  this  is 
filled  with  a  mixture  of  1  part  by  measure  of  oil  of  vitriol  and  8  of 
water,  and  tlie  exterior  space  with  the  same  liquid  saturated  with 
copper  snljibate.  A  sort  of  little  colander  is  fitted  to  the  top  of  the 
cell,  in  which  crystals  of  the  copper  sulphate  arc  placed,  so  that  the 
Btrengtli  of  the  solution  may  remain  unimpaired.  When  a  com- 
munication is  made  by  a  wire  between  the  roil  and  the  cyclinder, 
a  strong  current  is  pr<Hluced,  the  power  of  which  may  be  increased 
to  any  extent  by  connecting  a  sufficient  number  of  sucb  cells  into  a 
series,  on  the  principle  of  the  crown  of  cups,  the  copper  of  the  first 
being  attached  to  the  zinc  of  the  second.  Ten  such  alterations  con- 
stitute a  very  powerful  apparatus,  which  has  tlie  great  advantage 
of  retaining  ita  energy  undiminished  for  a  long  time. 

By  this  arrangement  of  the  voltaic  Imtlery,  the  accnniulnlion  of 
hydrogen  and  deposition  of  zinc  on  tlie  surface  of  the  copper  plate 
is  altogether  avoided ;  the  zinc  in  the  jiorous  cell,  whiUt  it  dissolves 
in  the  sulphuric  acid,  decomposes  it,  but  does  not  liberate  any 
Aydrogen  ;  for  by  the  progress  of  the  decomposition  (see    p.  289), 
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up  to  the  boundary  of  the  copper  solution,  the  hydrogen  takes  the 
place  of  the  copper,  and  thus  ultimately  the  copper  is  precipitated 
on  the  copper  plate.  The  copper  plate  therefore  remains  in  its 
original  state,  so  long  as  a  sumcient  quantity  of  copper  sulphate  is 
present  in  the  solution. 

By  increasing  the  generative  and  reducing  the  antagonising 
chemical  affinities,  Mr.  Grove  succeeded  in  forming  the  constant 
nitric  acid  battery  which  bears  his  name.  This  instrument  is 
capable  of  producing  a  far  greater  degree  of  power  than  the  battery 
previously  mentioned,  and  hence  it  has  become  one  of  the  most 
important  means  of  promoting  electrical  science  in  the  present  day. 
The  zinc  dips  into  dilute  sulphuric  acid ;  and  instead  of  a  solution 
of  copper,  concentrated  nitric  acid  is  used,  which   surrounds  a 

Elatinum  plate.  It  is  evident  that  the  electrolytic  action  which 
egins  at  the  zinc  passes  through  the  sulphuric  acid,  and  in  a  pre- 
ciselv  similar  way  through  the  contiguous  nitric  acid.  Hydrc^n 
would  thus  be  liberated  on  the  platinum  plate.  This  action  is  not 
rendered  visible  by  the  evolution  of  gas,  but  only  gradually  by  the 
change  of  colour  in  the  nitric  acid :  lor  the  hydrogen  liberated  by 
the  electrical  action  forms  water  at  the  expense  of  the  oxygen 
yielded  by  the  nitric  acid ;  and  by  this  means,  so  long  as  sufficient 
nitric  acid  is  present,  the  purity  of  the  surface  of  the  platinum 
plate  is  maintamed. 

One  of  the  cells  in  this  battery  is  represented  in  section  in  fig. 
137.  The  zinc  plate  is  bent  round,  so  as  to  present  a  double 
surface,  and  well  amalgamated:  within  it  stands  a  thin  flat  cell  of 
porous  earthenware,  filled  with  strong  nitric  acid,  and  the  whole 
w  immersed  in  a  mixture  of  1  part  by  measure  of  oH  of  vitriol  and 
6  of  water,  contained  either  in  one  of  the  cells  of  Wollaston's 
trough,  or  in  a  separate  cell  of  glazed  porcelain,  made  for  the 
purpose.  The  apparatus  is  completed  by  a  plate  of  platinum  foil, 
which  dips  into  the  nitric  acid,  and  forms  the  posi- 
tive side  of  the  arrangement.  With  ten  such  pairs, 
experiments  of  decomposition,  ignition  of  wires, 
the  light  between  charcoal  points,  &c.,  can  be  ex- 
hibited with  great  brilliancy,  while  the  battery  itself 
is  very  compact  and  portable,  and,  to  a  great  extent, 
constant  in  its  action.  The  zinc,  as  in  the  case  of 
Darnell's  batterv,  is  consumed  only  while  the  current 
passes,  so  that  the  apparatus  may  be  arranged  an  hour 
or  two  before  it  is  required  for  use,  which  is  often 
a  matter  of  great  convenience ;  and  local  action  from 
the  precipitation  of  copper  on  the  zinc  is  avoided. 

Professor  Bunsen  has  modified  the  Grove  battery 
by  substituting  for  the  platinum,  dense  charcoal  or 
coke,  which  is  an  excellent  conductor  of  electricity. 
By  this  alteration,  at  a  very  small  expense,  a  battery  may  be  made 
nearly  as  powerful  and  useful  as  that  of  Grove.  On  accoimt  of  its 
cheapness,  any  one  may  put  together  one  hundred  or  \s\sst^  ^i  '^nsgl- 


Fig.  187. 
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Ben'a  cdU,  by  which  the  moat  nmgDificeiit  phenomeniL  of  he&t  aiid.fl 
light  lutiy  he  obtained.  7 

Figure  138  shows  the  form  of  the  ronnd  carbou  cylinder  whjcll  I 
ia  ueed  ill  these  cells.  It  is  hollowed  go  as  to  receire  a  porcnu  '( 
earthenware  cell,  is  which  a  round  pkt«  of  zinc  tM  '  ] 
placed.  The  upper  edge  of  the  cyUnder  of  carbon  I 
IS  well  aaturatea  with  wsjc,  and  is  summnded  bf  1 
a  copper  ring,  by  Qiedns  of  whiuh  it  may  be  put  m  I 
connection  with  the  dnc  of  tht  adjoining  pair.  1 

Bunsen'e  carbon  cylinder  is  likewiee  wfSL  j 
adapted  for  Ihe  use  of  dilute  Bulphwric  acid  alonSi-  i 
without  the  addition  of  TUtric  acid.  Itis,  howeves,  1 
better  to  satumte  the  dilute  sulphuric  acid  witl^.  J 
ptilasainni  bichromate.  When  tiiis  mixture  col»«  1 
tains  Bt  least  double  the  amount  of  Buluhoric  ad^.J 
which  ia  neceaeaiy  to  decompose  the  cnroniate,  &  3 
battery  is  formed  which  surpaesea  m  power  the  nitric  acid  butteij^J 
but  doca  not  furnish  currants  of  the  same  constancy. 

Mr,  Smee  bos  contrived  m  ingenioua  battety,  in  which  nlra 
covered  with  a  tb'"  coatine  of  finely  divided  metallic  pladnom,  ta  il 
employed  in  ftssociiitinn  witli  amnlKfini^ti'il  zinc  aini  dilnU-  Kiil|>huric 
acid.    The  rough  surlace  appears  to  penuit  the  ready  cliaunga^ment 
of  tlie  bubbles  of  hydrogen. 

Gai-battery.^iiT.  Grove  baa  contrived  a  battery  in  which  an 
electrical  current,  of  sufficient  intensity  to  decompose  dilute  suU 
pburic  acid,  ia  produced  by  the  action  of  oxygen  upon  hydrogen. 
Each  ekment  of  this  apparatus  eonsista  of  a  pair  of  glass  tubes 
to  contain  the  gnsea,  dipping  into  a  vessel  oi  acidulated  water. 
Both  tubes  contain  platinum  plates,  coveted  with  a  rough  deposit 
of  finely  divided  platinum,  and  furnished  with  conducting  wires, 
which  pass  throuH'i  the  tops  or  sides  of  the  tubes,  and  are  herme- 
tically si'aled  into  the  latter.  When  the  tubes  are  charged  with 
oxygen  on  the  one  side  and  hydrogen  oil  the  other,  and  the  wires 
connected  with  a  galvanoscope,  the  needle  of  the  instrument  becomes 
instantly  affected ;  atid  when  ten  or  more  ore  combined  in  a  series, 
the  oxygen-tube  of  the  one  with  the  hydrogen-tube  of  the  next,  &c., 
while  the  terminal  wires  dip  into  acidulated  water,  a  rapid  stream 
of  minute  bubbles  from  either  wire  indicates  the  decomposition  of 
the  liquid ;  and  when  the  experiment  is  made  with  a  small  volta- 
meter, it  is  found  that  the  oxygen  and  hydrogen  disengaged  exactly 
equal  in  amount  the  quantities  absorbed  by  the  act  of  combination 
in  each  tube  of  the  batterj 

EkctTotype. — Withm  the  last  fortj'  years,  stieral  \ery  beautiful 
and  successful  apphcations  of  voltaic  electricity  havt,  been  made, 
which  may  be  slightly  mentiontd.  Mr.  S]  enier  and  I'rofcssor 
Jacobi  have  emplojed  it  in  injiviug,  or  rather  in  mullipljing, 
es^ravetl  plates  and  medals,  by  depositing  upon  their  surfocesa  thia 
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coatiiig  of  metallic  copper,  which  when  sepaiated  from  the  origiiial, 
exhibits,  in  leveToe,  a  most  faithful  repregentation  of  the  latter.  By 
tuino  thie  in  ita  torn  as  a  mould  or  matrix,  an  abeolutely  perfect 
Jac-nmiU  of  the  plate  or  medal  it  obtained.  In  the  former  case,  the 
impreetione  taken  on  paper  are  quite  undistiDguiehable  fioTO.  those 
diiectlf  derived  from  the  work  of  the  artiet ;  and  as  there  is  no  limit 
to  the  nnmbet  of  eUetrotype  platea  which  can  be  thus 
produced,  engravings  of  the  moet  beautiful  dMcription 


may  be  multiplied  indefinitelj.    The  copper  is  verr 

tough,  and  bears  the  action  of  the  preas  perfectly  well. 

The  apparatus  used  in  this  and  man;  umilar  pro- 


_ . .  .  e  of  the  drnplest  kind.  A  trough  c 
wood  ia  divided  by  a  porous  diaphragm,  made  of  a 
very  thin  piece  of  aycamoce,  into  two  parts ;  dilate 
sulphuric  acid  is  put  on  one  aide,  and  a  saturated  solu- 
tion of  copper  sulphate,  sometiiaea  mixed  with  a  little 
aidd,  on  the  other.  A  plat«  of  zinc  is  soldered  to  a 
wire  or  strip  of  copper,  the  other  end  of  whict  is 
secured  by  similar  means  to  the  engraved  copper  plate. 
The  latter  is  then  immersed  in  the  solution  of  eulphate, . 
and  the  zinc  in  the  acid.  To  prevent  deposition  of 
copper  on  the  back  of  the  copper  pkte,  that  portion  is  covered  with 
varnish.  For  medals  and  small  works,  a  porous  earthenware  cell, 
placed  in  ajelly-jar,  may  be  used. 

Other  metals  may  be  precipitated  in  the  same  ntanner,  in  a  smooth 
and  compact  form,  by  the  use  of  certain  precautions  which  have  been 
gathered  Dy  experience.  Electro-Rilding  and  plating  are  now  carried 
OQ  very  largely  and  in  great  perfection  by  Messrs.  Elkingtou  and 
Others.  Even  non-conducting  bodies,  as  sealing-wax  and  plaster  of 
Paris,  may  he  coated  with  metal ;  it  is  only  necessary,  as  shown  by 
the  late  Mr.  Robert  Murray,  to  rub  over  them  the  thinnest  possible 
film  of  plumbago.  Seals  may  thus  be  copied  in  a  vei?  few  houra 
with  nnening  truth. 

The  common   bnt  very  pleasing  experiment  of  the  Uad-tm  is 
greatly  dependent  on  electro-chemical  action.     When 
a  piece  of  linc  is  suspended  in  a  solution  of  lead  ace-       "<■  ^*'' 
tate,  the  first  effect  is  the  decomposition  of  a  portion  of 
the  latter,  and  the  deposition  of  metallic  lead  upon 
the  surface  of  the  zinc;  it  is  simply  a  displacement 
of  a  metal  by  a  more  oxidable  one.    The  change  does    i 
not,  however,  stop  here ;  metallic  lead  la  still  de-    I 
posited  in  large  and  beautiful  plates  upon  that  first    i 
thrown  down,  until  the  solution  becomes  exhausted,    i 
or  the  zinc  entirely  disappears.     The  firat  portions  of    i 
lead  form  with  the  zinc  a  voltaic  arrangement  of    ' 
sufficient  power  to  decompose  the  salt:  under  the 
peculiar  circumstances  in  which  the  latter  is  placed, 
the  metal  is  precipitated  upon  the  negative  portion — 
that  is,  the  laid — while  the  oxygen  and  acid  are  taken  u^b^tW-cc 
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iiecqiierel,  several  yeare  n^o,  pablished  an  ein^ingly  inteKetil 
Bocount  of  certain  experiments  in  wbicb  crystalliacd  metals,  oiid' 
HiLi!  iiLher  insoluble  substances  hod  been  produced  b;  the  slow  a 
contiiuious  BctioD  of  fe«ble  electrical  currents,  kept  np  for  mtmti 
or  even  years.  These  produols  exactly  resemble  natural  mincrabg 
and,  indeed,  the  experuuents  throw  great  light  on  the  fumiatiua  dr^ 
the  liitter  within  the  earth.* 

Heat  devdoped  by  the  Electric  CurrenL — All  mrts  of  the  eL__ 
circuit,  the  piates,  the  liquid  in  the  wlU  of  tltc  battery,  the  u 
ducting  wires,  and  any  electrolytes  undei^ing  decomposition, 
become  heated  during  the  passBge  of  the  current.  The  rise  of  tc 
pemture  in  any  part  of  the  circuit  depends  partly  on  the  strenu. 
of  the  current,  partly  on  ita  resistance,  those  bodies  which  offer  U 
ereutent  resistance,  or  are  the  worst  uondui'tot^,  being  most  strcr  ' 
heated  by  a  current  of  given  strengtli.  Thus,  when  a  thick  a 
thin  wire  of  the  same  metal  are  included  in  the  same  circuit,  ti 
latter  Iwcomes  most  strongly  heated,  and  a  platinum  wire  is  n 
more  strongly  heated  than  a  silver  or  copper  wire  of  the  t 
thickness. 

By  exact  experiments  it  bos  been  found  that  both  in  metallic 
wiivs  and  in  liquids  traversed  by  an  electric  current,  the  evolntion 
of  heat  is  directly  proportional— 1st,  to  Iht  rcnistauce;  2d,  to  the 
itreiigth  of  the  current.  Joule  bast  also  shown  tliat  tlie  evolution  of 
beat  in  each  couple  of  the  voltaic  battery  is  subject  to  the  saine 
bw,  which,  therefore,  holds  good  in  every  part  of  the  circuit,  iuctud- 
JDg  the  battery. 

riie  strength  of  an  electric  current  is  nieasured  by  the  quantity 
of  detonating  gas  (2  vols.  H  to  1  vol.  O)  which  it  cjin  evolve  froni 
aiJidulaled  water  in  a  given  time,  and  the  unit  o/  current  sftmgth  U 
thf  cumnt  mkicK  eliminates  on*  cxdnc  txntimeler  of  detonating  gm  at 
0"  C.  and  760n"»-  barometric  pretsure  in  a  flttnufe.  Now  Ltiiz  has 
shown  that  when  a  current  of  the  unit  of  strength  jiiisses  through 
a  wire  whose  resistance  is  equal  to  that  of  a  copper  w*ire  1  mi'ti-r 
long  and  1  millimeter  in  diameter,  it  develops  a  quantity  of  heat 
sulflcjent  to  raise  the  temperature  of  1  gram  of  water  from  ()°  to 
1°  C.  in  &|  minutes ;  and  assuming  as  the  uuit  of  heat  the  quantity 
required  to  raise  the  temperature  of  1  gram  of  water  from  i)'  to  1°  C, 
the  law  may  be  thus  expressed — 

A  current  of  the  unit  of  strength  pamng  through  a  conductor  which 
exerta  the  unit  ofremtlance,  develop*  therein  r057  heat-unit  in  an  hour, 
or  0-01 TG  keat'unit  in  a  viiuute. 

With  a  current  of  given  strength,  the  sum  of  the  quantities  of 
heat  evolved  in  the  batteiy  and  in  the  metallic  condui'tor  joining 
its  poles,  is  constant,  the  heat  actually  developed  in  the  one  pikrt 
or  the  other  varying  according  to  the  thickness  of  the  metiillic  con- 

•  Trait*  de  I'ElMtricil^  »t  d"  Msgn^tLame,  iii.  239, 
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ductor.  This  was  first  shown  by  De  la  Rive,  and  has  been  confinned 
by  Favre.*  De  la  Rive  made  use  of  a  couple  consisting  of  platinum 
and  distilled  zinc  or  cadmium,  excited  by  pure  and  very  strong  nitric 
acid,  the  two  metals  being  united  by  a  platinum  wire,  more  or  less 
thick,  which  was  plunged  into  the  same  quantitv  of  strong  nitric 
acid  contained  in  a  capsule,  similar  to  that  which  held  the  voltaic 
couple.  By  observing  the  temperatures  in  the  two  vessels  w^ith 
delicate  thermometers,  the  sum  of  these  temperatures  was  found  to  be 
constant,  the  one  or  the  other  being  greater  according  to  the  thick- 
ness of  the  connecting  wire. 

Favre,t  by  means  of  a  calorimeter,  similar  to  that  which  he  used 
in  his  experiments  on  the  development  of  heat  by  chemical  action, 
has  shown  that  in  a  pair  of  zinc  and  platinum  plates,  excited  by 
dilute  sulphuric  acid  and  connected  by  platinum  wires  of  various 
length  and  thickness,  for  every  32*5  ^rams  of  zinc  dissolved,  a 
quantity  of  heat  is  developed  in  the  entire  circuit  equal  to  18,173 
neat-units,  but  variouslv  distributed  between  the  battery-cell  and 
the  wire,  according  to  the  thickness  of  the  latter.  Now  this  quah- 
tity  of  heat  is  nearly  the  same  as  that  which  is  evolved  in  the 
simple  solution  of  32*5  grams  of  zinc  in  dilute  sulphuric  acid, 
without  the  formation  of  a  voltaic  circuit,  viz.,  18,444  units. 
Hence  Favre  concludes  that  the  heat  developed  by  the  resistance 
of  a  metallic  or  other  conductor  connecting  the  poles  of  the  battery 
is  simply  borrowed  from  the  total  quantity  of  heat  evolved  by  the 
chemical  action  taking  place  in  the  battery,  and  is  rigorously  com- 
plementary to  that  which  remains  in  the  cells  of  the  battery,  the 
neat  evolved  in  the  entire  circuit  being  the  exact  equivalent  of  the 
chemical  action  which  takes  place.  Ii  any  external  work  is  per- 
formed by  the  current,  such  as  electrolysis,  or  mechanical  work, 
as  by  an  electro-magnetic  engine,  the  heat  evolved  in  the  circuit 
is  diminished  by  the  heat-equivalent  of  the  decomposition  or 
mechanical  work  done. 

*  Ann.  Ch.  Phys.  [3]  xl  89a  t  Comptes  Rendus,  zly.  56. 
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Tbb  metals  constitiite  the  nectini  and  larger  group  of  elementary 
bodies.  A  great  number  of  them  are  of  very  rare  oct.urrencie,  being 
found  only  in  a  few  scarce  minemls:  otliere  are  more  abmidaal, 
and  5om.e  fe<r  almost  universally  diffused  throughout  the  globe. 
Sdme  iif  these  bodies  are  of  moat  importance  when  iu  the  metaltie 
state ;  othere,  when  in  coDtbinatiop,  uhiefly  as  oxides,  the  metala 
themaelves  being  almont  unknown.  Many  are  used  in  medicine  and 
in  tiie  arts,  and  are  easentially  connected  with  the  ]irogresB  of  civili- 

If  arsenic  be  included,  the  metals  amount  to  lifty  in  number. 

Phynral  Properiies.— One  of  the  most  remarkable  and  striking 
characlera  possessed  by  the  metals  is  their  peculiar  lustre:  this  is  so 
characteristic,  that  the  expression  mi-tallicIiMfre  has  pus.'-pd  into  com- 
mon sjieech.  This  property  is  no  doubt  connected  with  the  great 
degree  of  opacity  which  the  metals  present  in  every  instance.  The 
thinnest  leaves  or  plates,  and  t^he  edges  of  crystalline  laniinre,  arrest 
the  pasaa|;;e  of  light  in  the  most  complete  manner.  An  exception  to 
the  rule  is  usually  moile  in  favour  of  gold-leaf,  which,  when  held  np 
to  the  day-light,  exhibits  a  greeniah,  and  in  some  cases  a  purple 
colour,  as  if  it  were  really  eiidued  with  a  certain  dcj.'reu  nf  trans- 
liicency:  the  metallic  lilm  is,  however,  generally  so  ini|ierfcct  that 
it  is  somewhat  rlilhcnll  tn'say  whether  the  observed  effect  may  nut 
be  in  some  measure  due  to  multitudes  of  little  holes,  many  of  which 
are  visible  to  the  naked  eye  ;  but  Faraday's  ex|ieriments  have 
established  the  transluceucy  of  cold  beyond  all  doubt. 

In  point  of  ailimr,  the  metiils  present  a  certain  degree  of  iini- 
formity;  with  two  exceptions — viz.,  copper,  which  is  rei],  and  gold, 
which  is  yellow — all  these  bodies  are  included  lietween  the  ipui« 
white  offlilver  and  thebluish-Rrey  tint  of  lead:  bismuth,  it  is  true, 
has  a  pinkish  colour,  and  calcium  and  strontium,  a  yellowish  tint, 
but  these  tints  are  very  feeble. 

The  differences  of  gpedfic  gravity  are  very  wide,  passing  from 
lithium,  potassium,  and  smliiuu,  which  are  lighter  thaw  water,  to- 
platinum,  which  is  more  than  twenty-one  times  heavier  than  aa 
eqaal  bulk  of  that  liqiud. 
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Table  of  (he  Specific  Gravities  of  Metals  at  15-5°  C.  (60'  F.) 


Platinum  (in  th 

in  wire] 

K 

21-50 

Gold,     . 

■ 

19-50 

Uranium, 
Tungsten, 
Mercury, 
Palladium, 
Lead,     . 

18-40 

17-60 

13-59 

11-30  to  11-8 

11-45 

Silver,   . 

10-50 

Bismuth, 

9-90 

Copper, 
Nickel, 

8-96 
8-80 

Cadmium, 

8-70 

Molybdenum, 
Cobalt,  . 

8-63 
8-54 

Manganese, 
Iron, 

8-00 
7-79 

Tin,       . 

7-29 

Zinc, 

6*86  to  7-1 

Antimony, 
Arsenic, 

6-80 
5-88 

Aluminium, 

,       •     , 

2-56  to  2-67 

Magnesium, 
Sodium, 

1-75 
0-972 

Potassium, 

0-865 

Lithium, 

0-593 

The  property  of  malleability,  or  power  of  extension  under  the 
hammer,  or  between  the  rollers^of  the  flatting-mill,  is  possessed  by 
certain  of  the  metals  to  a  very  great  extent.  Gold-leaf  is  a  remark- 
able example  of  the  tenuity  to  which  a  malleable  metal  may  be 
brought  by  suitable  means.  The  gilding  on  silver  wire  used  in 
the  manufacture  of  gold  lace  is  even  thinner,  and  yet  presents  an 
unbroken  surface.  Silver  may  be  beaten  out  very  thin — copper 
also,  but  to  an  inferior  extent;';  tin  and  platinum  are  easily  rolled 
out  into  foil ;  iron,  palladiimi,  lead,  nickel,  cadmiimi,  the  metals 
of  the  alkalis,  and  mercury  when  solidified,  are  also  malleable. 
Zinc  may  be  placed  midway  between  the  malleable  and  brittle 
division;  then  perhaps  bismuth;  and,  lastly,  such  metals  as 
antimony  and  arsenic,  which  are  altogether  destitute  of  mallea- 
bilitv. 

The  specific  gravity  of  malleable  metals  is  usually  very  sensibly  • 
incrcasea  by  pressure  or  blows,  and  the  metals  themselves  are 
rendered  much  harder,  with  a  tendency  to  brittleness.  This  con- 
dition is  destroyed  and  the  former  soft  state  restored  bv  the  opera- 
tion of  anneaiingj  which  consists  in  heating  the  metal  to  reoness 
out  of  contact  with  air  (if  it  will  bear  that  temperature  without 
fusion),  and  cooling  it  quickly,  or  dowly  aACO^dix^^  \a  >^<^  ^q^^^vssl^^ 
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ttmicea  of  the  case,     AA«r  this  opemtJon,  it  it  found  to  poe&em 

lU'^iiiiH  specific  gravity. 
Z)urlUity  IB  a  propertv  distinct  from  the  laat,  inasmiich  as  it  in- 
Tolves  the  principle  of  tenacity,  or  power  of  rvaist- 
iiiK  tension.  The  art  of  wire-diawiag  is  one  of  great 
nnti'tuity  ;  it  conaialfi  in  drawing  rods  of  metal 
through  a  anceession  of  tnunpet-ehaped  holes  in  a 
stebl  }ilate,  each  being  a  little  smaller  than  iU  pre- 
di-i-esHur,  until  the  rcquidte  degree  of  finenesB  ia 
attained.  The  metal  oft«n  becomes  very  hard  and 
rigid  in  this  proceae,  and  is  thi'n  liahle  to  break : 
thin  IB  remedied  by  annealing.  The  orda  of  tenacity 
vy  ^  among  the  metule  Bu«ceptib1e  of  being  easily  dmwn 
into  ■wire  is  the   following  ;   it   is  determined   by 

iil.ini*n-iiiH   the  wBighls   required   to   brvak   asunder  wirts    drawn 

thruii^li  the  same  orifice  of  the  plate  r — 


1 


Irw 

Gold. 

Copper. 

Zinc 

Plstlnuni. 

Tin, 

Silver. 

Lead. 

Metal«  differ  aa  much  iafiidhUify  as 

n  density,     Tht 

fullowii 

table  will  give  an  idea  of  their  r^ktions  to  heat  :— 

F, 

"a  ■ 

Mereur^-, 

-    39° 

-  39-44'' 

Rubidium, 

+  1(11-3 

+  3H-5 

Potassium, 

14J5 

G2  5 

Sodium, 

207-7 

07-6 

Lithium, 

35G 

!80 

Tin, 

442 

227-8 

Fusible  btlow 
a  red  heat.  ' 

Cadmium, 
Bismuth. 
Thallium, 

(about)  4-12 
4!)7 
561 

228 
294 

L.'na, 

617 

325 

TiOlurium,— rather  less  fusible 

than  lead. 

Arseni  c,— unknown. 

Zinc, 

773 

412 

Antimony,— just  U'l- 

w  reducsB. 

Silver,       . 

1S73 

1023 

SHT"  : 

1996 
2016 

1091 
1102 

Infusible  below 

Cast-iron, 

Pure  iron,           \ 

Nictel,                 1 

278G 

1530 

J  red  heat 

Cobalt,                  > 
Manganese,         I 

Highest  beat  o 

Foi^^e. 

L  Palladium,         / 
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Infusible  below 
a  red-heat. 


Agglomerate,  but  do  not 
melt  in  the  forge. 


Infusible  in  ordinaiy  blast  • 
furnaces ;  fusible  by  oxy- 
hydrogen  blow-pipe. 


'  Molybdenum, 
Uranium, 
Tungsten, 
Chromium, 
Titanium, 
Cerium, 
Osmium, 
Iridium, 
Rhodium, 
Platinum, 
Tantalum, 

Some  metals  acquire  a  pasty  or  adhesive  state  before  becoming 
fluid  :  this  is  the  case  with  iron  and  platinum,  and  with  the  metaw 
of  the  alkalis.  It  is  this  peculiarity  which  confers  the  very  valu- 
able propnerty  of  welding,  by  which  pieces  of  iron  and  steel  are 
united  without  solder,  and  the  finely  divided  metallic  sponge  of 
platinum  is  converted  into  a  solid  and  compact  bar. 

Some  metals  are  volatile,  and  this  character  would  perhaps  be 
exhibited  by  all,  could  temperatures  sufficiently  elevated  oe  obtained. 
Mercury  boils  and  distils  below  a  red  heat ;  potassium,  sodium, 
zinc,  magnesium,  and  cadmium  rise  in  vapour  when  heated  to  bright 
redness ;  arsenic  and  tellurium  are  volatile. 


CHEMICAL  RELATIONS  OF  THE  METALS. 

Metallic  combinations  are  of  two  kinds — ^namely,  those  formed 
by  the  union  of  metals  among  themselves,  which  are  called  alloys, 
or,  where  mercury  is  concerned,  amalgams,  and  those  generated  by 
combination  witn  the  non-metallic  elements,  as  oxides,  chlorides, 
sulphides,  &c.  In  this  later  case,  the  metallic  characters  are  almost 
invariably  lost. 

Alloys- — Most  metals  are  probably,  to  some  extent,  capable  of 
existing  in  a  state  of  combination  with  each  other  in  definite  pro- 
portions ;  but  it  is  difficult  to  obtain  these  compounds  in  a  separate 
state,  since  they  dissolve  in  all  proportions  in  the  melted  metals, 
and  do  not  generally  differ  so  widely  in  their  melting  points  from 
the  metals  they  may  be  mixed  with,  as  to  be  separated  by  crystal- 
lisation in  a  definite  form.  Exceptions  to  this  rule  are  met  with 
in  the  cooling  of  argentiferous  lead,  and  in  the  crystallisation  of  brass 
and  of  gun-metal. 

The  chemical  force  capable  of  being  exerted  between  different 
metals  is  for  the  most  part  very  feeble,  and  the  consequent  state  of 
combination  is  therefore  very  easily  disturbed  by  the  influence  of 
other  forces.  The  stability  of  such  metallic  compounds  is,  how- 
ever, greater  in  proportion  to  the  general  chemical  dissimilarity 
of  the  metals  they  contain.  But  in  all  cases  of  combination  between 
metals,  the  alteration  of  physical  characters,  which  is  the  distinctive 
feature  of  chemical  combination,  does  not  tak&  "^iBiKA  \a  ^xc^  ^^^a^ 
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extent.  Tbe  most  unquestionable  compoundsofmetala  with  metals  i 
are  still  metallic  ia  tbeir  ^eral  physical  chantctej^,  and  thei^  is  no  . 
evch  transmutation  of  thBindividuali^of  theirconfitituunls  astakra 
place  in  the  combination  of  a  metal  with  oiygen,  sulphur,  chlorine,  ' 
&c.  The  alteratioii  of  characters  in  ulloys  is  generajl}'  limited  to  J 
the  colour,  depve  of  hardnegs,  tenacity,  ac,  and  it  ia  only  when  1 
the  constituent  metals  are  capable  of  aeauming  opposite  cijemical 
relations  that  these  componnds  arc  distinguished  by  n:reat  brittleneiw. 

The  formation  of  actual  chemical  compounds,  in  aoiuc  cases,  when 
tv'o  metals  are  melted  together,  is  indicated  by  several  phenomena,  I 
viz.,  the  evolution  of  heat,  as  in  the  caae  of  platinum  and  tin,  i 
copper  and  idnc,&c.  The  densitynfalloys  differs  from  that  of  mere 
mixtures  of  the  metals.  In  the  solidification  of  alloys,  the  tempers-  || 
tare  does  not  always  iall  uniformly,  hut  often  remains  stationary  i 
at  particular  degrees,  which  may  he  re^rded  as  the  solidifyino  J 
points  of  the  coinpoande  then  crysiallismg.  Tin  and  lead  melted  E 
togptliur  in  any  ptoportiona  always  form  a  compound  which  solidifiee  j 
at  187°.  The  meltjne  point  of  an  alloy  is  often  very  difTerent  I 
from  the  point  of  solioiflcation,  and  it  is  generally  lower  than  the  ' 
mean  melting  point  of  the  t^onslitnent  metals. 

But  though  metals  may  couibine  when  mi'lted  together,  it  is 
doubtful  whether  thev  remain  comliineil  after  the  solidiliention  of 
the  mass,  and  the  wiite  differences  Iietween  the  melting  and  solidi- 
fying points  of  certain  alloys  npiiear  to  indicate  that  the  cxisteni^ 
of  these  compounds  ia  limited  to  a  certain  ranf.'C  of  tfmperaiure. 
Matlhiessen"  regards  it  ax  probable  that  the  condition  ot  an  alloy 
of  two  metals  in  the  liquid  state  may  be  either  that  of— 1.  A  solu". 
tion  of  one  metdin  another;  2.  Chemical  combination;  3.  Mechani- 
cal mixture ;  or,  4.  A  solution  or  mixture  of  two  or  all  ot  the 
above  J  and  that  similar  differences  may  exist  as  to  its  ccmdition 
ill  the  solid  state. 

The  chemical  action  of  reagents  urion  alloys  is  sometimes  very 
dilferent  from  their  action  upon  metals  in  the  sejiarale  Rtate :  thus, 
platinum  alloved  with  silver  is  readily  dissolved  bv  nitric  acid,  but 
IS  not  affected  by  that  acid  when  unalloye<1.  On  tiic  contmry, 
silver,  which  in  the  separate  state  ie  readily  dissolved  by  nitric  nciS, 
is  not  dissolved  by  it  when  alloyed  with  gold  in  proportions  much 
less  than  one-fourth  of  the  alloy  by  weight. 


A  classification  of  the  metals  according  to  their  niianti valence  or 
atomicity  is  given  in  the  table  on  p.  250  ;  and  each  of  the  clasps 
thus  formed  may  be  divided  into  groups,  the  individuid  meiiilietB 
of  which  possess  certain  phvsicnl  or  chemical  characters  in  common. 
There  are,  however,  several  metals,  especially  among  those  of  rare 
occurrence,  whose  position  in  the  series  is  by  no  means  definitely  fixed. 

•British  A8»ociaUoiiB*v"^A*'*.t>1t. 
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Class  I. — Monad  Metal8.-=-l.  Amon^  these  metals,  potassiaiiiy 
sodium,  caesium,  rubidium,  and  lithium,  are  called  cUkaH- 
metals.  They  are  soft,  easily  fusible,  volatile  at  higher  tempera- 
tures ;  combine  very  energetically  with  oxygen ;  decompose  water 
at  all  temperatures ;  and  form  strongly  basic  oxides,  which  are  very 
soluble  in  water,  yielding  powerfully  caustic  and  alkaline  hydroxides, 
not  decomposable  by  heat.  Their  carbonates  are  soluble  in  water, 
and  each  metal  forms  only  one  chloride.  The  hypothetical  metal 
ammonium,  NH4  (p.  164),  is  usually  added  to  the  list  of  alkali- 
metals,  on  account  of  the  general  similarity  of  its  compounds  to 
those  of  potassium  and  sodium. 

2.  Silver  differs  ^eatly  from  the  alkali-metals  in  its  physical 
and  most  of  its  chemical  properties,  but  it  is  related  to  them  by  the 
isomorphism  of  some  of  its  compounds  with  the  corresponding  com- 
pounds of  those  metals ;  thus  it  forms  an  alum,  similar  in  form  and 
composition  to  ordinary  potash  alum. 

Class  II. — Dyad  Metals. — 1.  The  three  metals,  barium, 
strontium,  and  calcium,  form  oxides  called  alkaline  earths,  less 
soluble  in  water  than  the  true  alkalis,  but  exhibiting  similar  taste, 
causticity,  and  action  on  vegetable  colours.  The  metals  of  this 
group  form  but  one  chloride,  e.g.,  BaCl2 ;  their  carbonates  are  insoluble 
in  water,  and  barium  sulphiite  is  also  insoluble,  strontium  and  calcium 
sulphates  slightly  soluble. 

2.  A  second  group  consists  of  the  metab  beryllium,  yttrium, 
erbium,  lanthanum,  and  didymium,  which  form  oxides  called 
earths,  insoluble  in  water,  and  not  reducible  to  the  metallic  state 
by  hydrogen  or  carbon;  their  carbonates  are  insoluble  in  water, 
their  sulphates  soluble.  These  metals  also  form  but  one  chloride, 
viz.,  a  dicnloride.  They  are  all  very  rare.  Mendelejeff,  as  already  ob- 
served (p.  266),  proposes  to  classify  didymium,  yttrium,  and  erbium 
as  triads,  and  lanthanum  as  a  tetrad ;  but  his  reasons  for  doing  so 
are  not  very  conclusive :  at  all  events  it  is  most  convenient  to  describe 
these  metals  amongst  the  earth-metals. 

3.  Magnesium,  zinc,  and  cadmium  resemble  one  another  in 
being  volatile  at  high  temperatures,  and  burning  when  heated  in  the 
air ;  they  decompose  water  at  high  temperatures,  eliminate  hydrogen 
from  dilute  acias,  and  form  omy  one  oxide  and  one  chloride,  e.g., 
ZnO  and  ZAClj.  Magnesium  was  formerly  classed  as  an  earth-metal, 
but  it  bears  a  much  closer  analogy  to  zinc 

4.  Mercury  and  copper  each  form  two  chlorides  and  two 
oxides :  mercury,  for  example,  forms  the  two  chlorides,  HgCl2  and 
HgjClj,  and  the  two  oxides,  HgO  and  Hg«0.    Mercurous  chloride 

iig-a 

(caiomel)  is  represented  by  the  formula  I  ,  and  the  corre- 

8   '  Hg.  flg-Cl 

podding  oxide  by  |    ^0.     The  copper  compounds  are  similarly 

Hg^ 
constituted.    These  metals  do  not  deoomj^oee  Niradwsc  «X>  «3£^  Xjsmz^T^ 
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tare;  thcjore  oxidised bvnitricatidbystmngsulphnricaeida.  The 
oxides  of  mercury  are  reduced  to  the  metallic  atate  by  heat  aluue; 
thoii!  of  copper  by  ignition  with  hydrogen  or  cbarwiaf, 

Tbe  poaitton  of  copper  in  the  xeriea  has  already  be«n  diecDSSed 
(p.  2(15).  It  bas  certain  analogies  with  tbe  metaU  of  the  iron 
group — and  in  the  cnproiu  compoundB  it  may  be  regarded  aa  uni- 
valent ;  but  in  iU  moat  stable  compounds,  the  cupric  salts,  it  ia 
unquestionably  bivalent. 

Class  IIX — Triad  MetaU. — The  metals  referable  to  this  class  are 
aluminium,  palliuni,  indium,  thallium,  and  gold.  The  first  three 
form  only  tnchlorideB;  thalliuiD  aud  gold  form  monofhloridea  and 
trichluridea,  also  correaponding  oxides,  e.g.,  thallium  cbloridee,  TlCl 
and  TICl,  J  oxides,  Tl.O  and  TU),.  The  mono^;ompounds  of 
thallium  are  much  more  Btab)e  than  tbe  tri-componnds,  and  in 
reapect  of  these  compounds  thallinm  exhibits  very  close  analogies 
to  the  alkali-metals,  forming,  for  esomple,  an  alum  isomorphous 
with  common  potash  alum,  and  phoajtbatca  analogous  in  campoaition. 
to  the  phosphates  of  sodium.  The  position  of  gold  has  already  been 
discussed.  Aluminiuoi  is  wmetimtrg  rejjanlecl  ns  a  lelrail,  but  for 
reasons  already  given  (p.  265)  it  is  most  probably  a  triad. 

Class  Vi.—Tttrnd  Meiak.—To  this  class  belong  zirconium, 
thoriiium,  cerium,  tin,  titanium,  and  lead.  Zirconium  and  tlioriuuni 
form  tetnichlorides  and  dioxides.  The  position  of  curium  in  the 
series  is  altogether  doubtful. 

Tin  and  titanium  are  cloeely  related  to  silicium,  each  forming 
a  volatile  tetmchloriile  ;  namely,  stannic  chloride,  SnCI,,  and  titanic 
chloride,  TiCl^,  togi-ther  witli  the  corresponding  oxides.  Tin  like- 
wise forms  tbe  atimnous  compounds  in  which  it  is  bivalent,  e.^., 
SnClj,  SnO ;  and  titanium  fonns  tbe  titaiions  compounds,  in  wbich 
it  is  apparently  trivaleiil  but  really  quadrivalent ;  e.ij.,  TiCl,  or 
TijClfl-  ClaTi-TiCl,. 

The  quiiUri valence  of  lead  is  inferred  from  the  coiuposition  of 
•plamho-ttlretidiie,  P^CgH^^ ;  but  in  most  of  its  compounds  it  is 
bivalent,  forming  only  one  chloride,  I'bCL,  with  corresponding 
iodide,  bromide,  and  (luoride.  It  Conns  also  the  coixesponding 
oxide,  Pl)0,  together  with  a  lower  oxide,  I'li.O,  and  three  higher 
oxides,  Pb,0„  Pb^O^,  and  PbO,^.  Leait  is  allied  to  barium  and 
strontium  by  the  isomorjibism  ol  its  suljibate  with  the  sulphates  of 
barium  and  strontium,  and  to  silvi?r,  thallium,  and  mercury  by  the 
sparing  solubility  of  its  chloride,  which  is  pKcipitated  by  hydro- 
chloric acid  from  solutions  of  lead  salt''. 

Platinum  and  its  allied  metals  also  form  tetrachloi'idi's  and 
dioxides  ;  bnt  these  metals  ore  best  regarded  as  forming  a  group  by 
themselves. 

Class  V.—PenM  Mdah.—\.  Arsenic  forms  a  trichloride,  a 
trioxide,  and  corresponding  sa\U  ■,  a.\ai>  a.  ■^eiAovvi'i,  u.nd  cortBsp<)nd- 
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ing  salts,  called  arsenates,  analogous  to  the  phosphates.  Antimony 
forms  a  trichloride  and  a  pentachloiide  analogous  to  those  of  phos- 
phorus, also  the  corresponding  oxides.    Bismuth  forms  a  volatile 

BiClj 
trichloride,  and  a  dichloride,  BioCl4,  or     I       .     Vanadium   was 

BiCl^ 
formerly  supposed  to  belong  to  the  tungsten  croup,  but  it  has  lately 
been  shown  to  be  a  pentad.  It  forms  a  trichloride,  VCI3 ;  also  an 
oxy chloride,  VOCI3,  analogous  to  phosphorus  oxychloride ;  and 
the  oxides,  VgO  3  and  VgOg,  analogous  to  those  of  phosphorus  and 
arsenic,  the  latter  yielding  a  series  of  salts,  the  vanadates,  isomorphous 
with  the  phosphates  and  arsenates  of  corresponding  composition. 

2.  Tantalum  and  niobium,  formerly  regard^  as  tetrads,  have 
been  shown  by  Marignac  to  form  pentachlorides  and  pentoxides. 
The  oxides  of  the  pentad  metals  are,  for  the  most  part,  of  acid 
character. 

Class  VI. — Hexad  Metals, — 1.  Chromium  forms  a  hexfluoride, 
CrFg,  and  a  corresponding  oxide,  CrOs.  It  likewise  forms  two  series 
of  compounds,  in  which  it  exhibits  lower  decrees  of  equivalence, 
viz.,  the  chromic  compounds  analogous  to  the  ferric  compoimds,  in 
which,  like  aluminium  and  iron,  it  is  either  trivalent  or  quadri- 

CrClg 
valent;  e.g.y  chromic  chloride,  CrCls'or  Cr3Clg=  I         ;  and  the 

CrClg 
chromous  compounds,  analogous  to  the  ferrous  compounds,  in  which 
it  is  bivalent,  e.g.,  CrClj,  CrO. 

Uranium  forms  a  trioxide,  UO3,  and  an  oxychloride,  UO2CI2, 
analogous  to  CrOoCl^. 

2.  Tungsten  forms  a  hexchloride,  WClg,  and  the  corresponding 
oxide,  WO3.  Molybdenum  is  not  known  to  form  a  chloride 
higher  than  M0CI4,  but  its  trioxide,  M0O3,  ^^  known  ;  and  from  the 
general  similarity  of  the  tungsten  and  molybdenum  compounds,  the 
latter  metal  is  inferred  to  be  nexadic. 

Class  VII. — Heptad  Metals. — The  only  metal  at  present  referable 
to  this  cla8S  is  Manganese,  which  forms  a  heptachloride,  and  may 
also  be  regarded  as  heptadic  in  permanganic  acid,  HMnO^,  and 
its  salts,  which,  as  already  observed,  are  isomorphous  witn  the 
perchlorates  (p.  267).  Manganese  is,  however,  more  conveniently 
described  in  connection  with  the  iron  group  of  metals. 

Class  VIII. — Iron  and  Platinum  Metals. — These  metals,  for 
reasons  already  assigned,  cannot  be  referred  to  either  of  the  preceding 
classes  (p.  268).  Besides  possessing  certain  physical  properties  in 
common,  they  exhibit  a  greater  tendency  than  any  of  the  preceding  to 
enter  into  combination,  sometimes  as  perissads,  sometimes  as  artiads. 

The  nine  metals  of  this  class  resemble  one  another  in  many 
respects : — (1.)  They  are  all  of  grey  colour  and  difGLcult  ol  iic^ss^^xsu 
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(2.)  They  poesesa  ia  a  high  degree  the  pnwer  of  raindeiislig  and 
giving  paeaage  to  gases,  as  seen  especinlly  in  nickel,  palladium,  iton, 
and  pjiitinum.  (3.)  Their  highest  oxidee  ore  basus,  or  acids  of  little 
energy,  which  are  easily  reduced  to  lower  oiidea  of  more  decided 
Lnsic  dmracter.  (4.)  Thoy  form  atabte  donhle  cyanides  with  the 
a!  kali -HI  etuis,  Fe,  Rii,  and  Os,  yielding  analogous  componnde 
having  the  general  fonnula  K,R<^y,  ;  Co,  Bh,  li  forming  ssUb 
having  the  general  formula  K,RCyg ;  Ni,  Fd,  Ft  fonning  aalta 
having  the  compoaitlan  K,HCy,.  (8.)  Some  of  their  componndii, 
especinUy  those  of  the  himter  degrees  of  coniLination,  are  dielin- 
guislied  iiy  cliaracteristio  colours. 

Cunpc-T  and  gold  might,  on  account  of  analosouB  l>ehaviolir,  be 
included  in  the  eighth  class;  althoiuh,  acconiinc  to  the  coosti- 
lution  of  their  lower  oxides,  they  belong  to  the  fiist  or  monadic 

Tht  Iron  Gronp  includes  iron,  nickel,  and  cobalt,  perhaps  also 
manganeae,  chromium,  and  cerium.  Iron  in  the  feirous 
compouads  ia  bivalent;  in  the  ferric  compounds  it  may  be  regardfld 

either  ss  trivalent  or  as  quadrivalent,  ferric  chloride,  for  example, 
being  either  FeClj  or  Fe,Cl„=  Cl^Fe  -  FeC'l,.  Tlie  vapour-density 
of  the  compound  tends  rather  to  support  the  latter  fonnuls.  Iron 
alsoforms  salts  called  ferrates,  analogous  to  the  chroinates,  in  which 
it  is  sexvalent.  Cobalt  forma  two  series  of  compomida  nnalogons 
to  the  ferrous  and  ferric  compounds;  nickel  is  tor  the  most  part 
bivalent,  but  it  also  forms  a  sesquioxide  Ni^Oj. 

Manganese,  as  alxive  mentioned,  ia  eeptivalent  in  its  highest 
chloride,  MnCIj  (the  composition  of  which  i»,  hnwever,  somewhat 
doubtful)  and  in  the  permanganates  ;  in  its  other  compounds  it 
resembles  iron,  being  bivalent  in  the  monganous,  tii-  or  quadri- 
valent in  the  manganic  compounds,  and  sexvalent  in  the  man- 
gauate^,  e,g.,  K^MnO,,  whit'h  are  analogous  to  the  Bul])hat«^ 
clironinles,  and  ferrates.  All  these  metals  decompose  water  at 
high  temperatures.  Nickel  and  eobalt  arc  mafimtic  like  iron, 
and  -their   salts    are    iuomorphous    with    the    corresjiondiiig   iron 

Chromium  forms  three  series  of  compouodi'  analogous  in  com- 
position and  in  many  of  their  properties  to  the  ferrous  and  ferric 
salts  and  the  ferrates.  Chromic  acid,  however,  and  the  corresponding 
anhydride  are  very  stable  compounds ;  whereas  ferric  acid  and  the 
corresponding  anhydrous  oxide,  FeOj,  ai*  unkiiowni,  and  tlie  ferrati!S 
are  very  unstable.  Cerium  is  bivalent  in  the  eerous  salts,  sexvalent 
in  eerie  fluoride,  CeF„  and  forms  an  oxide,  C'e  ,0,,  analogous  to  fer- 
roso-ferrio  oxide,  FejOj,  and  correspouiling  salliJ. 

Pfa(iimmAfe*<ilt,— Platinum,  palladium,  iridium,  rhodium, 
ruthenium,  and  osmium,  form  a  natural  group  of  metiiN, 
occurring  together  in  the  nielallic  sinte,  and  resembling  encli 
other  in  many  of  their  projierties.     Platinum  and  palladium  form 


i 
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/bichlorides  and  tetrachloridee,  with  corresponding  oxides,  viz.,  PtCl|. 
PtCl4,  PtO,  PtOg.  Iridium  forms  a  dichloride,  a  tetrachloride,  and 
an  intermediate  chloride,  which  may  be  regarded  either  as  IrCls 
or  as  IrjCl^^CljIr — I1CI3.  Ruthenium  and  osmium  form  chlorides 
similar  in  constitution  to  those  of  iridium ;  rhodium  onhr  a 
dichloride,  RhCl,)  ^^^  &  trichloride,  Rh^Cl^  All  these  metals  torm 
oxides  analogous  in  composition  to  their  chlorides,  e.a.,  IrO,  Ir^O), 
IrOj,  and  likewise  higher  oxides,  iridium  and  rhomum  forming 
trioxides,  IrO,  and  RnOj,  and  osmium  and  ruthenium  forming 
tetroxides,  O8O4  and  IIUO4 ;  but  there  are  no  chlorides  coVrespondinff 
with  these  oxides.  The  metals  of  the  platinum  group  are  not  actea 
upon  by  nitric  acid,  but  only  by  chlorine  or  nitromuriatic  acid. 
With  the  exception  of  osmium,  they  do  not  oxidise  in  the  air  at  any 
temperature,  and  their  oxides  are  all  reducible  by  heat  alone. 
These  metals,  together  with  gold,  silver,  and  merc]iiry,  which  like- 
wise exhibit  the  Lust-mentioned  character,  are  sometimes  called  noble 
mttals. 

The  metals  of  the  alkalis  and  alkaline  earths,  on  account  of  their 
inferior  specific  gravity,  are  often  called  light  metals ;  the  others, 
heavy  metals. 


Metallic  Chlorides. — All  metals  combine  with  chlorine,  and 
most  of  them  in  several  proportions,  as  above  indicated,  forming 
compounds  which  mav  be  rej^arded  as  derived  from  one  or  more 
molecules  of  hydrochloric  acid,  by  substitution  of  a  metal  for  an 
equivalent  quantity  of  hydrogen  ;  thus  : — 

From  HCl    are  derived  monochlorides  like  KCl 
„     HgCl^  „  dichlorides         „    BaCL 

„     H3CI3  „  trichlorides        „    AuClj 

„     H4CI4  „  tetrachlorides    „     SnCl4,  &c.,  &c. 

Hydrochloric  acid  may,  in  fact,  be  regarded  as  the  type  of  chlorides 
in  general. 

Several  chlorides  occur  as  natural  products.  Sodium  chloride, 
or  common  salt,  occurs  in  enormous  quantities,  both  in  the  solid 
state  as  rock-salt,  and  dissolved  in  sea-water,  and  in  the  water  of 
rivers  and  springs.  Potassium  chloride  occurs  in  the  same  forms, 
but  in  smaller  qiiantity ;  the  chlorides  of  lithium,  csBsium, 
rubidium,  and  thallium  also  occur  in  small  quantities  in  certain 
8j)ring  waters.  Mercurous  chloride,  HgjCl^  and  silver  chloride, 
AgCH,  occur  as  natural  minerals. 

1.   Chlorides  are  generally  prepared  by  one  or  other  of  the 
following  processes  :    (1.^  By  acting  upon  the  metal  with  chlorine 
}^is.    Antimony  pentachloride  and  copper  dichloride  are  examples . 
of  chlorides  sometimes  produced  in  this  manner.    The  chlorides  of 


312  CREMIBTBY  OF  TnB  MRTAM. 

gold  and  platmmn  are  uiaiiUly  prepared  by  acting  upon  the  metsit  I 
nith  uftscent  chlorine,  develojwd  liy  hydrocliioric  and  nitric  acida.  j 
SometimeB,  on  the  olJier  hand,  the  metal  is  in  the  naetent  stale,  U   J 
wht^n  titanic  chloride  is  formed  by  passing  a  current  of  chlorine  i 
over  a  heated  mixture  of  cbaicosi  and  titanic  oxide.    The  chlorides 
of  aluminiiun  and  chrominni  may  be  obtained  by  gimilar  procesaea, 
S,  Clilurjne  gaa,  by  its  nction  upon  metnllie  oxides,  drives  ont  the 
oxygen,  and  unites  with  the  reapective  metals  t«  form  chlorideo. 
This  reaction  sometimes  takee  place  at  oidinary  temperatures,  ai    '  ~ 
the  cose  with  silver  oxide  ;  sometimes  only  at  a  red  beat,  as  is 
case  with  the  oxides  of  the  alhali-metols.  and  alkaline  earth^metAle. 
The  bydroxideo  and  carbonates  of  these  last  metals,  when  diesolved 
or  sufip(;nded  in  hot  water  and  treated  witL  excess  of  chlorine,  aie  , 
converted,  chiefly  into  chlorides,  partly  into  chlorates,  j 

3.  Many  metallic  chlorides  are  prepared  by  actin^i  upon  the  metolg  1 
with  hydrochloric  acid.  Zinc,  cadmiitm,  iron,  nickel,  cobalt,  and  ] 
tin  dissolve  readily  in  hydrochloric  acid,  with  liberation  ofhydrc«[en;  J 
cop}>er  only  in  the  strong  boiling  add ;  silver,  mercury,  palladinin,  J 
platinum,  and  gold,  not  at  alL  Sometimes  the  metal  is  enbstituted,  1 
not  for  hydrogen,  but  for  some  other  metal.  Stannous  chloride,  foe 
instance,  is  frequently  made  by  distillinR  metallic  tin  with  mercuric 
chloride;  thus  :  HgCli+Sn=SnCl,-)-HB. 

4.  By  dissohing  a  metallic  oxitle,  hydroxide,  or  carbonate  in 
hydrochloric  acid. 

All  monochloriiles  and  liichlorides  are  soluble  in  water,  excepting 
silver  chloride,  AgCl,  ami  mercurons  chloride,  Hg^Cl; ;  li-nil  ililoride, 
PbClj,  is  sparingly  soluble  ;  these  three  chlorides  are  easily  foriued 
by  precipitation.  Many  meloUic  chlorides  dissolve  also  in  alcohol 
and  in  ether. 

Moat  monochlorides,  dichlorides,  and  trichloridea  volatilise  at  high 
temperatures  without  decomposition  ;  the  higher  chlorides  wheD 
heated  pive  olT  part  of  their  chlorine.  SoTiio  chlorides  which  ri'sist 
the  action  of  heat  alone  are  decomposed  by  ignition  in  the  air, 
.  yielding  metallic  oxides  and  free  chlorine  :  this  is  the  c:ai'e  with  the 
dichlorides  of  iron  and  manganese  ;  but  moxt  dichlorides  renuiin 
undecomposed,  even  in  this  case.  All  metallic  chlorides,  excepting 
those  of  the  alkaU-metnls  and  earth-metals,  ore  ilecomposed  at  a  red 
heat  by  hvdrogen  gas,  with  formation  of  hydrochloric  ncid  ;  in  thia 
WOT  metallic  iron  may  be  olitained  in  fine  cubical  crjstals.  Silver 
uhloride,  placed  in  contact  with  metallic  rinc  or  iron,  under  dilute 
sulphuric  or  hydrochloric  acid,  is  reduced  to  the  metallic  state  by 
the  nascent  hydrt^en. 

Sulphuric,  phosphoric,  boric,  and  arsenic  acids  decompose  most 
metallic   chlorides,   sometimes   at   ordinary,   sometimes    at   higher 
temperatures.     All  metallic  chl'jviilea,  heated  with  lead  dioxide  or 
manganese  dioxide  and  sulphuric  acid,  give  oH' chlorine,  c.j. : 
2NaCl  +  MnOj  +  SH^SOj  =  Na^SO,  +  MnSO,  +  211,0  +  CI, . 

Sodlma       UBnEincn      Snlphorlc  .■UMlluni        ManiiiTinni 

chlortdt.        dioxide.  icld.  anlphiie.        sulpl»tu. 


OHLORIDBB. 


dia! 


Chlorides  distilled  with  sulphuric  acid  and  potassium  chromate, 
yield  a  dark  bluish-red  distillate  of  chromic  oxychloride.  Some 
metallic  chlorides  are  decomposed  by  water,  forming  hydrochloric 
acid  and  an  oxychloride,  e.sr. :  BiCl3-f-HjO=2HCl+BiC10.  The 
chlorides  of  antimony  and  stannous  chloride  are  decomposed  in  a 
similar  manner. 

All  soluble  chlorides  give  with  solution  of  silver  nitrate,  a  white 
precipitate  of  silver  chloride,  easily  soluble  in  ammonia,  insoluble  in 
nitric  acid.  With  mercwroua  nitrate,  they  yield  a  white  curdv  pre- 
cipitate of  mercurous  chloride,  blackened  by  ammonia  ;  and  with 
lead^scUts,  not  too  dilute,  a  white  precipitate  of  lead  chloride, 
soluble  in  excess  of  water. 

Metallic  chlorides  unite  with  each  other  and  with  the  chlorides  of 
the  non-metallic  elements,  forming  such  compounds  as  potassium 
chloromercurate,  2KCLHgCL,  sodium  chloroplatinate,  2NaCl.PtCl4, 
potassium  chloriodate,  KCI.ICI3,  &c  Metallic  chlorides  combine  in 
definite  proportions  with  ammonia  and  organic  bases  :  the  chlorides 
of  platinum  form  with  ammonia  the  compoimds  gNHyPtCl^, 
4NH3.PtCl2,  SKHyPtCl^,  and  4NH«.PtCL  ;  mercuric  chloride  forms 
with  aniline  the  compound  2CgH7N.HgCl2,  &c. 

Chlorides  also  unite  with  oxides  and  sulphides,  forming 
oocychlorides  and  sulphochlorides,  which  may  be  regarded  as  chlorides 
having  part  of  their  chlorine  replaced  by  an  equivalent  quantity  of 
oxygen  or  sulphur  (Clj  by  0  or  S).  Bismuth,  for  example,  forms  an 
oxychloride  having  the  composition  BiClO  or  BiCl3.Bi203. 

Bromides. — Bromine  unites  directly  with  most  metals,  forming 
compounds  analogous  in  composition  to  the  chlorides,  and  resembling 
them  in  most  of  tneir  properties.  The  bromides  of  tiie  alkali-metals 
occur  in  sea- water  and  m  many  saline  springs  ;  silver  bromide  occurs 
as  a  natural  mineral.  Nearly  all  bromides  are  soluble  in  water,  and 
may  be  formed  by  treating  an  oxide,  hydroxide,  or  carbonate,  with 
hyorobromic  acia,  the  solutions  when  evaporated  giving  off  water 
for  the  most  part,  and  leaving  a  solid  metallic  bromide  ;  some  of 
them,  however,  namely,  the  bromidts  of  magnesium,  aluminium,  and 
the  other  earth-metals,  ^are  more  or  less  decomposed  by  evaporation, 

fiving  off  hydrobromic  acid,  and  leaving  a  mixture  of  metallic 
romide  and  oxide.  Silver  bromide  and  mercurous  bromide  are  in- 
soluble in  water,  and  lead  bromide  is  very  sparingly  soluble  ;  these 
are  obtained  by  precipitation. 

Metallic  bromides  are  solid  at  ordinary  temperatures  ;  most  of 
them  fuse  at  a  moderate  heat,  and  volatilise  at  higher  temperatures. 
The  bromides  of  gold  and  platinum  are  decomposed  by  mere  ex- 
posure to  heat ;  many  others  give  up  their  bromme  when  heated  in 
contact  with  the  air.  Chlorine,  with  the  aid  of  heat,  drives  out  the 
bromine  and  converts  them  into  chlorides.  Hydrochloric  add  also 
decomposes  them  at  a  red  heat,  giving  off  hydrobromic  acid.  Strong 
sulphuric  or  nitric  add  decomposes  them,  with  evolution  of  hydro- 
bromic acid,  which,  if  the  sulphuric  or  nitric  acid  is  concentrated^ 
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snil  in.  excess,  it  partly^  decomposed,  with  reparation  of  bromine  ■ 
fonuation  of  sulpliuroos  oxiile  or  nitro}^a  dioxide.    Bromides  heat 
with  sulphuric  acid  ajiimangatuiedumdi  ot  potaanuta  elvrontaU,  ff,9t 
off  frot  bromine.  '. 

Broiiiides  in  solution  iire  easily  decompoaed  by  chlorine,  either  in' 
tht'  forai  of  gas  or  dissolved  in  water,  the  liquid  aciiuiring  a  red  or 
n.-<idiiih -yellow  colour,  accordiiig  to  the  quantity  of  bromine  preecut ; 
aiiil  fm  apititiivg  the  Uquid  with  etbar,  that  liquid  diaaolvBB  the 
bromine,  forming  a  red  solution,  which  rises  to  the  surface. 
.SoltiMe  bromides  give  with  eilvtr  nifradt  a  white  precipitate  of 
silver  bromide,  greatly  resembling  the  chloride,  but  much  lew 
soluble  ill  ammonia,  insoluble  in  hot  nitric  acid.  Mereuroiu  nitntU 
proilQCfs  a.  yellowish-white  precipitate  j  aad  lead  ac^att,  a  white 
precipitate  much  less  soluble  m  water  than  the  chloride.  Pailadiutm 
■nitrair  produces  in  solutions  of  bromides  not  contaiuius  chlorine,  a 
black  precipitate  of  bromide.  Palladium  chloride  produces  iio  pre- 
cipitate ;  neither  does  the  nitrate,  if  soluble  chlorides  are  present, 

BrrituidCB  unite  with  each  other  in  thersame  maimer  as  cliloiidea; 
q1si>  with  ojudes,  eulphidee,  and  ammonia. 

lodideB.^Thi'st'coinjiipundsare  obtiiiiied  by  pnitt'iwi's  similar  to 
those  which  yield  the  chlorides  and  bromides.  Many  metals  unite 
directly  with  iodine.  Puta»iium  and  sodium  iodides  exist  in  sea- 
water  and  in  many  salt--Hprings  ;  silver  iodide  occum  as  a  natural 
mineral. 

Metallic  iodides  are  analqjous  to  the  bromides  and  chlorides  in 
composition  and  properties.  But  few  of  them  are  deoonipoeed  by 
heat  alone  ;  the  iodides  of  gold,  silver,  platinum,  and  ])alladium, 
however,  give  up  their  iodine  when  heated. 

&Iost  nietallic  iodides  are  perfectly  sohilile  in  water ;  litit  lead 
iodide  is  very  slightly  soluble,  and  the  iodides  of  mercury  and  silver 
are  miitu  insoIuUe. 

Siilutions  of  iodides  evaporated  out  of  contact  of  air,  generally 
leave  anhydrous  metallic  iodides,  which  partly  separate  in  tlie  crys- 
talline form  l>efore  the  water  is  wholly  driven  otf.  The  iodides  of 
the  enrtli-mctals,  however,  oi-e' resolved,  on  evaporotiun,  into  the 
earthy  oxides  anil  hydriodic  acid,  which  eseajies.  A  very  siuall 
■ irtia! 


quantity  of  chloriru  colours  the  solution  yellow  or  brown,  liv  parti 
decomposition  ;  and  a  somewhat  larger  quantity  takes  up  tLewh<. 
of  the  metal,  forming  a  chloride,  and  separates  the  ioiline,  which 
then  gives  a  blue  cidcutr  with  starch ;  a  still  larger  quantity  of  chlo- 
rine gives  the  liquid  a  paler  colour,  and  conveTt:^  the  separated  icKline 
into  trichloride  of  Iodine,  which  does  not  give  a  blue  colour  with 
starch,  and  frequently  enters  into  combinntbm  with  the  uietallic 
chloride  produced.  Strong  $uljJiurie  atid  and  somewhat  concentrateil 
nitric  aad  colour  the  solution  yellow  or  brown  ;  and  if  the  quantitv 
of  the  iodide  is  large,  and  the  solution  much  cnnceutmteil  or  lieateil, 
they  liberate  iodine,  which  jwrtly  eKcajies  in  violet  \-apciurs.  .s'(niv?i 
mixeil  with  the  solution,  even  if  it  be  very  dilute,  is  turned  blue — 
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^permanently  when  the  decomposition  is  effected  by  sulphnric  acid; 
lor  a  time  only  when  it  is  effected  by  nitric  acid,  especially  if  that 
acid  be  added  in  lar^  quantity. 

The  aoueous  solution  of  an  iodide  cives  a  brown  precipitate  with 
salts  of  bismuth ;  orange-yellow  with  lead  salts ;  dirty- white  with 
cuprous  salts,  and  also  with  cupric  salts,  especially  on  the  addition  of 
sulphurous  acid  ;  ereenish-yellow  with  mercurous  salts  ;  scarlet  with 
mercuric  salts  ;  yeflowish-wnite  with  silver  salts ;  lemon-yellow  with 
gold  salts ;  brown  with  platinic  salts — first,  however,  turning  the 
liquid  dark  brown  red  ;  and  black  with  saltd  of  palladiumj  even  when 
extremely  dilute.  All  these  precipitates  consist  of  metallic  iodides, 
many  of  them  soluble  in  excess  of  the  soluble  iodide :  the  silver  pre- 
cipitate is  insoluble  in  nitric  acid  and  very  little  soluble  in  ammonia. 

Metallic  iodides  unite  with  one  another,  forming  double  iodides, 
analogous  to  the  double  chlorides ;  they  also  absorb  ammonia  gas  in 
detinite  proportions.  Some  of  them,  as  those  of  antimony  and  tel- 
lurium, unite  with  the  oxides  of  the  corresponding  metals,  forming 
oxyiodides. 

Fluorides. — These  compounds  are  formed — 1.  By  heating  hy- 
drofluoric acid  with  certain  metala  2.  By  the  action  of  that 
acid  on  metallic  oxides.  3.  By  heating  electro-nejjative  metals — 
antimony,  for  example — with  fluoride  of  lead  or  fluoride  of  mercury. 
4.  Volatile  metallic  fluorides  may  be  prepared  by  heating  fluor-spar 
with  sulphuric  acid  and  the  oxide  of  the  metal. 

Fluorides  have  no  metallic  lustre  ;  most  of  them  are  easily 
fusible,  and  for  the  most  part  resemble  the  chlorides.  They  are  not 
decomposed  by  ignition,  either  alone  or  when  mixed  with  charcoal 
When  ignited  in  contact  with  the  air,  in  a  flame  which  contains 
aqueouft  vapour,  many  of  them  are  converted  into  oxides,  while  the 
fluorine  is  given  off  as  hydrofluoric  acid.  All  fluorides  are  de- 
composed by  chlorine,  and  converted  into  chlorides.  They  are  not 
decomposed  by  phosphoric  oxide,  unless  silica  is  present.  They  are 
decomposed  at  a  gentle  heat  by  strong  sulphuric  acid,  with  formation 
of  a  metallic  sulpiiate  and  evolution  of  hydrofluoric  acid. 

The  fluorides  of  tin  and  silver  are  easily  soluble  in  water  ;  those 
of  potassium,  sodium,  and  iron  are  sparingly  soluble ;  those  of 
strontium  and  cadmium  very  slightly  soluble,  and  the  rest  insoluble. 
The  solutions  of  ammonium,  potassium,  and  sodium  fluoride  have 
an  alkaline  reaction.  The  aoueous  solutions  of  fluorides  corrode 
glass  vessels  in  which  they  are  kept  or  evaporated.  They  form  with 
soluble  calcium-salts  a  precipitate  of  calcium  fluoride,  in  the  form 
of  a  transparent  jelly,  which  is  scarcely  visible,  because  its  refractive 
power  is  nearly  the  same  as  that  of  the  liquid  ;  the  addition  of  ^ 
ammonia  makes  it  plainer.  This  precipitate,  if  it  does  not  contain 
silica,  dissolves  witn  difficulty  in  nydrochloric  or  nitric  acid,  and 
is  re-precipitated  by  ammonia.  The  aqueous  fluorides  give  a 
pulverulent  precipitate  with  lead  acetate. 

The  fluorides  of  antimony,  arsenic,  chromium,  mercury,  niobium^ 
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osmium,  taiitalum,  tin,  titaniiini,  tungsten,  and  zinc,  ore  ToTaUlar' 
without  decomposition. 

Fluorine  has  a  ureat  tendency  U 
fluoride  of  a  banc  or  positive  metal  u 
hydro^eii,  boron,  silicon,  tia,  tituniuiii,  ! 


n  hydrofluoride. 
Potassium  borofluoride 
PotAitsium  ailitofluoiide, 
Pota-ssium  tituiiofluoride, 
Potjisaium  Btannofluoride, 
Fobmsium  nrco&uoride, 


KHF,     =  KF.HF 
KBF,      =  KF.BF, 

K,SiF.  =  2KF.SiF, 
KjTiF.  =  2KF.TiF, 
KjSnF,  =  2KF.SuF, 
K^rF,  =  SKF.ZtF,. 


The  four  claaees  of  compounds  jost  described,  the  chloridei, 
bromidi.-H,  iodides,  and  fluondei*,  fonn  a  group  often  designated  ac 
haliiiil  compounds  or  haloid*  salts,  from  their  luuli^  to 
Hodiuiii  chloride  or  eat  salt,  which  ma^  be  n^&rded  as  a  type  oftbeta 
ull  The  elements,  chlorine,  bromine,  iodine,  and  fluorine,  u%.  I 
ad\n\  ba1o((eii8.  d 

Cyanide  8.— Clo^iely  related  to  these  biilfJid  comroimils  are  the 
cyanides,  funnetl  by  the  union  of  metals  with  the  jjroup  CS, 
cyano^'en,  which  is  a  monatomic  radicle  derived  from  the  saturated 
molecule,  C=N — H  (hydri"cyanicttcid),bv  abstraction  of  H;  in  short, 
the  cyanides  may  be  reipirded  as  chlorides  having  the  element  CI 
replaced  by  the  compound  radicle  CN  (p.  1B6). 

Some  metals — potassium  among  the  number — are  converted  into 
cyanides  by  heuting  them  in  cyanq,'en  gas  or  vapour  of  bvdrocyanic 
acid.  The  cyanides  of  the  alkaU-metals  are  also  fonued  (toi^etber 
with  cyanates)  by  pasaing  cyanogen  gas  over  the  heated  hydroxides  of 
carbonates  of  the  same  metals;  potoissium  cyanide  also,  by  passing 
nitrogen  gas  over  a  mixture  of  charcoal  and  hydroxide  or  carbonate'  i^ 
potassium  at  a  bright  red  heat  Cyanides  are  formed  abundantly 
when  nitrogenous  organic  conipoumls  are  heated  with  fixed  alkalis. 
Other  modes  of  formation  will  In;  mentioned  hereafter. 

The  cyanides  of  the  alkali-metals  and  of  barium,  strontium, 
calcium,  m^rnesium,  and  mercury,  are  soluble  in  water,  and  may  lie 
produced  by  treating  the  corresponding  oxides  of  hydroxides  with 
nydrocj'onic  arid.  Nearly  all  other  metallic  cyanides  ore  insoluble, 
and  are  obtaineil  by  precipitation  fnim  the  soluble  cyanides. 

The  cyanides  of  tne  alKali-mftals  sustain  a  red  l)eat  without  de- 
composition, provided  air  and  moisture  be  excluded.  The  cyanides 
ofmanyoftheheavy  metals,  as  lead,  iron,  cobalt,  nickel,  and  copper, 
under  these  circamstances,  give  off  all  their  nitn)gen  as  gas,  and 
'leave  a  metallic  carlKinate;  mercuric  cyanide  is  resolved  into  mercury 
and  cyanogen  gas ;  silver  cyanide  gives  off  half  its  cyanogen  as 
gas.  Most  cyanides,  when  heated  with  dilute  acids,  give  off  their 
cyanogen  as  hydrocyanic  acid. 
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Cyanides  have  a  strong  tendency  to  unite  with  one  another,  form- 
ing double  cyanides.  The  most  important  of  these  are  the  double 
cyanides  of  iron  and  potassium,  namely,  pottusuhferroua  cyanide, 
Fe^K4(CN)a,  commonbr  called  yellow  prussiate  of  potash ;  axidpotcu- 
sio'ferric  cyanide,  Fe'^IwCN)^,  commonly  called  red  prussiate  of  potash. 
Both  these  are  splendidly  crystalliue  salts,  which  dissolve  easily  in 
water,  and  form  highly  characteristic  precipitates  with  many  metallic 
salts.  These  salts,  with  the  other  cyanides,  will  be  more  fully  described 
under  "  Organic  Chemistry ;"  but  they  are  mentioned  here,  on  account 
of  their  frequent  use  in  the  qualitative  analysis  of  metallic  solutions. 

Oxides. — All  metals  combine  with  oxygen,  and  most  of  them  in 
several  proportions.  In  almost  all  cases  oxides  are  formed  correspond- 
ing in  composition  with  the  chlorides,  one  atom  of  oxygen  taking  the 
place  of  two  atoms  of  chlorine.  Many  metals  also  form  oxides  to  which 
no  chlorine  analogues  are  known ;  thus  lead,  which  forms  only  one 
chloride,  PbClj,  forms,  in  addition  to  the  monoxide,  PbO,  a  dioxide, 
PbOj,  besides  oxides  of  intermediate  composition ;  osmium  also,  the 
highest  chloride  of  which  is  OsCl^,  forms,  m  addition  to  the  dioxide,  a 
trioxide  and  a  tetroxide.  This  arises  from  the  fact  that  any  number 
of  atoms  of  oxycen  or  other  dyad  element  may  enter  into  a  com- 
pound without  oisturbing  the  oalance  of  equivalency  (p.  262). 

Just  as  chlorides  are  derived  by  substitution  from  hydrochloric 
acid,  HCl  (p.  311),  so  likewise  may  oxides  be  derived  from  one  or 
more  molecules  of  water,  HJO  ;  but  as  the  molecule  of  water 
contains  two  hydrocen-atoms,  the  replacement  of  the  hydrogen  may, 
as  already  explain^  (p.  245),  be  either  total  or  partial,  the  product 
in  the  first  case  being  an  anhydrous  metallic  oxide,  and  in  the 
second  a  hydrated  oxide  or  hydroxide,  in  which  the  oxygen  is 
associated  both  with  hydrogen  and  with  metal ;  in  this  manner 
the  following  hydroxides  and  anhydrous  oxides  may  be  constituted : 


Type. 

HA 


HflO 


3 


HA 

H,oO. 


Hydroxides. 

KHO 

Ba'HjOj 
Bi'"HOj 

As^HG. 
Sn'^HjOg 

Zr»'HA 


Oxides. 

KoO 

Ba"0 

Sn"Oj 

SV'O, 


SVA 


It  may  be  observed  that  the  hydroxides  of  artiad  metals  contain 
the  elements  of  a  molecule  of  the  corresponding  anhydrous  oxide, 
and  of  one  or  more  molecules  of  water,  and  may  therefore  also  be 
K'ganled  as  hydrates ;  thus — 

Barium  hydroxide  or  hydrate,     .        Ba'lIjOg  =  Ba'^CHjO 
Stannic         „  „  .        Sn'^HjOj  =  Sn''02.H.O 

Zirconium     „  „  .        2it"H^0^  =  Irf'O^m^  * 


.;s  li\"<l!att'-,  tii.il  i-.  ;i-  ciiiiiiM .inuis  (»{' ;mliy(li(iu> 
rvl.iiiv    ni'-t  illic    <»\iilf-    ••nur    as     iiatmal    iii 
(•s])CHially  tli»)se  ot"  iron,  tin,  and  copptT,  in  large 
ores  fi-om  which  the  metals  are  extracted. 

All  metals,  except  gold,  platinum,  iridium,  rh 
ium,  are  capable  oi  umting  directly  with  oxygen, 
sodium,  and  barium,  oxidise  rapidly  on  expo 
ordinary  temperatures,  and  decompose  water  ^ 
metals,  however,  when  in  the  massive  state,  rem 
and  unacted  on  in  dry  air  or  oxygen  gas,  but  o 
moisture  is  present ;  such  is  the  case  with  iron,  zi 
of  the  ordinarily  permanent  metals,  when  in  a 
state,  as  lead  when  obtained  by  ignition  of  itt 
reduced  from  its  oxide  by  ignition  in  hydrogen 
oxidise  spontaneously  as  soon  as  they  come  in  c 
Lead,  iron,  copper,  and  the  volatile  metals,  arsei 
cadmium,  and  mercury,  are  converted  into  oxi( 
air  or  oxygen.     Many  metals,  especially  at  a  re 
oxidised  by  water  or  steam.    A  very  general  k 
metallic  oxides  is  to  subject  the  corresponding  hyd 
nitrates,  sulphates,  or  any  oxygen-salts  containii 
the  action  ol  heat 

Oxides  are  for  the  most  part  opa(iue  earthy  1 
metallic  lustre,  The  majority  of  tnem  are  fusible 
bismuth  at  a  low  red  heat ;  those  of  copper  and  ir 
those  of  barium  and  aluminium  before  tne  oxy-h^ 
while  calcium  oxide  or  lime  does  not  fuse  at  any  te 


OXIDES.  319 

The  Buperior  oxides  of  the  metals  are  easily  reduced  to  a  lower 
state  of  oxidation  by  treatment  with  a  current  of  hydrogen  gas  at  a 
more  or  less  elevated  temperature.  At  a  higher  degree  of  heat, 
hydrogen  gas  will  transform  to  the  reguline  state  all  metallic  oxides 
except  the  sesquioxides  of  aluminium  and  chromium,  and  the 
monoxides  of  manganese,  magnesium,  barium,  strontium,  calcium, 
lithium,  sodiimi,  and  potassium.  The  temperature  necessary  to 
enable  hydrogen  to  effect  the  decomposition  of  some  oxides  is 
comparatively  low.  Thus  metallic  iron  may  be  reduced  from  its 
oxides  by  hydrogen  gas  at  a  heat  considerably  below  redness.  CJarboUj 
at  a  red  or  white  heat,  is  a  still  more  powerful  deoxidating  agent 
than  hydrogen,  and  seems  to  be  capable  of  completely  reducing  all 
metallic  oxides  whatsoever.  The  oxidisable  metals  in  general  act 
as  reducing  agents. 

Chlorine  decomposes  all  metallic  oxides,  except  those  of  the  earth- 
metals,  converting  them  into  chlorides,  and  expelling  the  oxygen. 
With  silver  oxide  this  reaction  takes  place  at  ordmary  temperatures ; 
with  the  alkalis  and  alkaline  earths,  at  a  full  red  heat  sulphur,  at 
high  temperatures,  can  decompose  most  metallic  oxides ;  with 
many  oxides — tliose  of  silver,  mercury,  lead,  and  conper,  for  instance 
— metallic  sulphides  and  sulphur  dioxide  are  produced  ;  with  the 
highly  basylous  oxides,  the  products  are  metallic  sulphate  and 
sulphide.  There  are  some  oxides  upon  which  sulphur  exerts  no 
action.  Of  these  the  principal  are  magnesia,  alumina,  chromic, 
stannic,  and  titanic  oxides.  By  boiling  sulphur  with  soluble  hydroxides, 
mixtures  of  poly  sulphide  and  thiosulphate  are  produced.  With  the 
exception  of  magnesia,  alumina,  and  chromic  oxide,  most  metallic 
oxides  can  absorb  sulphuretted  nydrogen,  to  form  metallic  sulphide 
or  hydrosulphide  and  water. 

Oxygen-salts  or  Oxy  salts. — It  has  been  already  explained  in 
the  chapter  on  Oxycen  (p.  123)  that  oxides  may  be  divided  mto  three 
classes,  acid,  neutrcu,  and  basic;  the  first  and  third  being  capable  of 
uniting  with  one  another  in  definite  proportions,  and  forming 
compounds  called  salts.  The  most  characteristic  of  the  acid  oxides 
are  those  of  certain  metalloids,  as  nitrogen,  sulphur,  and  phosphorus, 
which  unite  readily  with  water  or  the  elements  of  water,  forming 
compounds  called  oxygen-acids,  distinguished  by  sour  taste, 
solubility  in  water,  and  the  power  of  reddening  certain  vegetable 
blue  colours.  The  most  characteristic  of  the  basic  oxides,  on  the 
other  hand,  are  those  of  the  alkali-metals  and  alkaline  earth-metals 
(p.  307\  which  likewise  dissolve  in  water,  but  form  alkaline  solutions, 
possessmg  in  an  eminent  degree  the  power  of  neutralising  acids  and 
torming  salts  with  them.  The  same  power  is  exhibited  more  or 
less  by  the  monoxides  of  most  other  metals,  as  zinc,  iron,  copper, 
manganese,  &c.,  and  by  the  sesquioxides  of  aluminium,  iron, 
chromium,  and  others.  The  higher  oxides  of  several  of  these 
metals — the  trioxides  of  chromium,  for  example— exhibit  acid 
chaxactersy  being  capable  of  forming  BsltA  mVk  \2![i<^  \GkSst%  \as&s^ 


aii'l  tniiii  s;ilt>. 

l-»ut  in  tlic  majority  of  rases  iiietallic  s;ill<  are 
tion,  or  iiitLTthangc  of  a  metal  for  hydroj^i-n,  ( 
another.  It  is  clear,  indeed,  that  any  metallic  i 
ZjiO.SOj,  for  example)  may  be  derived  from  the  c( 
hydrogen  salt  (HjO.SOg)  by  substitution  of  a  met 
quantity  of  hydrogen.    Accordingly,  metallic  & 

Eroduced  by  the  action  of  an  acid  on  a  metal  or 
ydroxide,  thus — 


(1) 


Hydrogen 
sulphate. 


+ 


Zn 


ZnSC 


(2.)       2HNO3        + 


Hydrogen 
nitrate. 


(3.)        HNO3         + 


Zinc 
sulplia 

Ag,0      = 

Silver 
oxide. 

2AgN 

Silve 
nitrat 

KHO      = 

KNC 

Potassium 
hydroxide. 

Potassii 
nitrat 

Hydrogen 
nitrate. 

In  the  instances  represented  by  these  enuation 
formed  are  soluble  in  water.     Insoluble  salts  are 
by  interchange  of  the  metals  between  two  solubl 

(4.)     Ba(NOs),      +     NajSO^     =  BaS( 

Barium  Sodium  Bariu 

nitrate.  sulphate.  sulphi 

In  this  case  the  barium  sulphate,  being  insolu 
while  the  sodium  nitrate  remains  in  solution. 

In  all  these  reactions,  hydrochloric  acid  or  ; 
ini.rlif  >>P  Hiibstitntpd  for  the  oxvp-en-acid  or  oxvn 
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analop^ous  in  compositioii  to  chlorides, — ^that  is  to  say,  as  compounds 
of  a  metal  with  a  radicle  or  group  of  elements,  such  as  NO3  Onttrione) 
in  the  nitrates,  SO4  {mlphione),  in  the  sulphates,  discharging  runctions 
similar  to  those  of  chlorine,  and  capable,  like  that  element,  of  passing 
unchanged  from  one  compound  to  another. 

For  many  years,  indeed,  it  was  a  subject  of  discussion  among 
chemists,  whether  the  former  or  the  latter  of  these  views  should  hi 
regarded  as  representing  the  actual  constitution  of  oxygen-salts. 
Berzelius  divided  salts  into  two  classes : — 1 .  Haloid  salts,  comprising, 
as  already  mentioned,  the  chlorides,  bromides,  iodides,  and  fluorides, 
which  are  compounds  of  a  metal  with  a  monad  metallic  elementr^ 
2.  Amphid  salts,  consisting  of  an  acid  or  ^lectro-negative  oxide, 
sulphide,  selenide,  or  telluride,  with  a  basic  or  electro-positive 
compound  of  the  same  kind ;  such  as  potassium  arsenate,  SKoO.AsgOj ; 
potassium  sulpharsenate,  dKjS.Asjo^ ;  potassium  seleniopnosphate, 
SKoSe-PaSeg,  &c. 

Davy,  on  the  other  hand,  observing  the  close  analogy  between  the 
reactions  of  chlorides,  on  the  one  hand,  and  of  oxygen-salts,  such 
as  sulphates,  nitrates,  &c.,  on  the  other,  suggested  that  the  latter 
might  be  regarded,  like  the  former,  as  compouuds  of  metals  with 
acid  or  electro-negative  radicles,  the  only  diflPerence  being,  that  in 
the  former  the  acid  radicle  is  an  elementary  body,  Cl,Br,  &c, 
whereas  in  the  former  it  is  a  compound,  as  SO4,  NO3,  PO4,  &c. 
This  was  called  the  binary  theory  of  salts;  it  was  supported  by 
many  ingenious  arguments  by  its  proposer  and  several  contemporary 
chemists  ;  in  later  years  also  by  Liebig,  and  by  DanieU  and  Miller, 
who  observed  that  the  mode  of  decomposition  of  salts  by  the  electric 
current  is  more  easily  represented  by  this  theory  than  by  the  older 
one  (p.  290.) 

At  the  present  day,  the  relative  merits  of  these  two  theories  are 
not  regarded  as  a  point  of  very  great  importance.  Chemists,  in  fact, 
no  longer  attempt  to  construct  formulae  which  shall  represent  the 
actual  arrangement  of  atoms  in  a  compound,  the  formula)  now  in 
use  being  raOier  intended  to  exhibit,  first,  the  balance  or  neutralisa- 
tion of  the  units  of  equivalency  or  atomicity  of  the  several  elements 
contained  in  a  compound  (p.  257) ;  and,  secondly,  the  manner  in 
which  any  compound  or  group  of  atoms  splits  up  into  subordinate 
groups  under  the  influence  of  different  reagents.  According  to  the 
latter  view,  a  compound  containing  three  or  more  elementary  atoms 
may  be  represented  by  different  formulsQ  corresponding  with  the 
several  ways  in  which  it  decomposes.  Thus  hydrogen  sulphate  or 
sulphuric  acid,  H2SO4,  may  be  represented  by  either  of  the  following 
formulae  : — 

1.  Hj.SO^,  which  represents  the  separation  of  hydrogen  and 
formation  01  a  metallic  sulphate,  by  the  action  of  zinc,  &c  ;  this  is 
the  formula  corresponding  with  the  binary  theory  of  salts. 

2.  SO3.H2O. .  This  formula  represents  the  formation  of  the  acid 
by  direct  hydration  of  sulphuric  oxide  ;  the  separation  of  water  and 
formation  of  a  metallic  sulphate  by  the  action  of  mBj^ejeda.«si<l^N^^sL 
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anhydrons   oxides ;  and  the  separation  of  Bulpburic  oiid«    and 
fcM'uiatiuii  of  phoBpluHic  acid  by  the  action  of  phoeplioiic  oiide  ; — 

SO,.H,0     +     MpO     =     SO,MeO 
SOyHjO     +  ._,  PjOj  "  'f  "  " 

3.  SO^OjH,,  or  SO^OH)^  Thie  formuln  represEntdSticIi  reactions 
IV4  the  eliminatioa  of  hydrogen  dioxide  hy  the  aotion  of  barium 
dioxide,  BaO, 

4.  SHg.Of.  ThiH  formula  Tepresents  the  formation  of  snlphurie 
acid  hy  direct  oxidation  of  nydrogen  aufpliide,  SH-  aad  the 
eliiiuimtion  of  tlie  latter  by  the  aulioii  of  ferrous  Bulpbidle  : — 

SH^O.  +  FeS  =  FeSO,  +  SH,. 

FormuIfB  of  the  third  of  these  type-s  liie  S03(0H)j,  whieb 
repri'.-ioot  oxy({en-acidg  as  compounds  ot  bvdroxyl  with  certain  acid 
rndiuliss  a«SO,'  (BulphurylJ,  CO' (carbonyl),  P6'"{iihosphoryl),  kc,, 
corre.spond  witb  agreat  vanety  of  reaotiooB,  andareof  very  trequent 
n^fd.  They  exhibit  in  pofticnlmr  the  relation  of  the  oxygen-ocitU 
(bydiosylateH)  to  tlje  corre»j)ouding  chlciridea,  e.g.  :— 

(SO„)(OH)j  (S0,)C1, 

Snlptauric  lUil.  Sulphuiii:  cUlorlde. 

(l'0XOH)s  (PO)Cl, 

PhHphorlc  icld.  Photpbortc  chlocide. 

Boiidtif  of  AfiiU. — N^ormal,  Acid  and  DoMe  Saitt. — Acids  are 
uonoliBHic,  biboMc,  triba»ic,  &c.,  accordin;;;  as  they  contain  one  or 
more  atians  of  hydrogen  replaceable  by  metals  ;  thus  nitric  acid, 
HNOj,  and  hydrochloric  acid,  HCl,  aie  monobasic  ;  sulphuric  acid, 
H^SOj,  is  bibasic  ;  phoaphoric  acid,  H^PO,,  is  triba«ic 

Monoba»ic  aciils  form  hut  one  class  of  Halts  by  substitution,  the 
metal  taking  the  place  of  the  hydiw/en  in  one,  two,  or  thrte 
moleculexof  the  acid,  acconiing  lo  lU  t't|uiv-alent  value  oratumicitv  ; 
thus  the  action  of  hydri chloric  acid  on  sodium,  zinc, audaluminimn 
is  repceaeiitcd  by  the  equations  ; 

HCl  +  Na  =  NaCl  +  H 
21IC1  +  Zn  =  ZiiCl,  +  H, 
3H(J1   +  Al      =   AICI3  +   llj, 

and  that  of  nitric  acid  on  the  hydroxides  of  the  sanic  metals  by 

the  cquatioux ; 

HNO,  +  Na(HO)  =  NnNO,  +  H(HO) 
2UN0,  +  Ba(HOi,  =  Ba(N03),  +  2H(H0) 
3HN0,  +  Al{H0)3     =  AlCNOj)^     +  3H(H0). 

Biliasic  acids,  on  the  other  hand,  form  two  classes  of  salts,  viz, 
primary  or  acid  ealu,  in  which  half  the  liyiirugen  is  ri-*placed  by 
a  metal ;  and  Kcondarg  salt*,  in  wbidi  the  whole  of  the  hydrogen 
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is  thus  replaced,  the  salt  heing  called  normal  or  neutral,  if  it  containB 
one  metal,  and  daubleif  it  contains  two  metals ;  thus  : 


From  H2SO4  is  derived  KHSO4 


if 


99 


1> 


2H2SO4 
3H2SO4 


BaSO. 
NaKjCSO^), 
KA1(S04), 
A1,(S0,), 


i(  hydro-potassic  snlphate,  pri- 
<      mary,  or  acid  potassium 
(     sulphate, 
bipotassic  sulphate,  second* 
ary,  or  normal  sulphate, 
barium  sulphate, 
sodio-tripotassic  sulphate, 
potassio-aluminic  smphatey 
normal  aluminium  sulphate. 


Tribasic  acids  in  like  manner  form  two  classes  of  acid  salts, 
primary  or  secondary,  according  as  one-third  or  two-thirds  of  the 
nydrogen  is  replaced  by  a  metal;  also  tertiary  salts,  including  normal 
and  double  or  triple  salts,  in  which  the  hydrogen  is  wholly  replaced 
by  one  or  more  metals ;  in  quadribasic  acids  the  variety  is  of  course 
still  greater. 

The  use  of  the  terminations  ous  and  ic,  as  applied  to  salts,  has 
already  been  explained.  We  have  only  further  to  observe  in  this 
place  that  when  a  metal  forms  but  one  class  of  salts,  it  is  for  the 
most  part  better  to  designate  those  salts  by  the  name  of  the  metal 
itself  than  by  an  adjective  ending  in  ic;  thus potoMivm  nitrate,  and 
lead  sulphate,  are  mostly  to  be  preferred  to  potassic  nitrate  and 
plumbic  sulphate.  But  in  naming  double  salts,  and  in  many  coses 
where  a  numeral  prefix  is  requirea,  the  names  ending  in  ic  are  more 
euphonious;  thus  triplumbic  phosphate  sbimds  better  than  trilead 

esphate,    and    hydrodisodic  phosphate   is    certainly    better    than 
\rogen  and  disodium  phosphate;  but  there  is  no  occasion  for  a 
rigid  adherence  to  either  system. 

All  oxygen-salts  may  also  be  represented  as  compounds  of  an  acid 
oxide  with  one  or  more  molecules  of  the  same  or  different  basic 
oxides,  including  water,  e.g. : 


Hydro-potassic  sulphate,      2HK(S0^ 
Sodio-tripotassic  sulphate,    2NaK3(S04)2 
Potassio-aluminic  sulphate,  2KA1(S0^ 
Hydrodisodic  phosphate,      2HNaj(P04) 


H80.KjC).2S08 
NaoO.3KoO.4SO4 
K,O.AloO,.4Sq3 
Hj0.2NasO.P20fi. 


When  a  normal  oxygen-salt  is  thus  formulated,  it  is  easy  to  see 
that  the  numl^er  of  molecules  of  acid  oxide  contained  in  its  molecule 
is  equal  to  the  number  of  oxygen-atoms  in  ihe  base  ;  thus  : 

Normal  potassium  sulphate,    K2SO4  =  KjO.SOg 

„       barium  sulphate,         BaSO,  =  BaO.SOj 

„       stannic  sulphate,         Sn(S04)2  =  Sn0o.2S0o 

„       aluminium  sulphate,  Al^SOJ^  =  AljOs.3S03, 

Wlien  the  proportion  of  acid  oxide  is  less  than  this,  the  salt  is 
called  basic  ;  such  salts  may  be  regarded  as  compounds  of  a  normal 
salt  \«'ith  one  or  more  molacules  of  basic  ojude,  or  as  derived  fcQi&k 
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noraiftl  goltfi  by  gubstitntion  of  oxygen  for  an  equivalent  qauitil;  fi 
the  aiiiil  radjcle  ;  thus  ; 

Tribaeio  lecul  nitrate,    3PbO.N,0.       =     Pb(NO,)-2PbO 
=     Pb^Nd^O, 

"^'"^^^phl.?"  }  ^A1,0..3S0,    =    3A1,0,A!^SOO,  I 

=    Ali(SO^,0,.  I 

The  la«t  mode  of  formulation  exhibits  the  analt^  of  tbeae  bfudc 
oxysaltd  to  the  oxvchloridee,  oxyiodides,  &c.  ;  thuB  the  basic  Itftd 
nitnit*^,  PbjfNOg)jdj, jliBt  mentiimed,  JBanalogouB  lotheoiyehlonde 
of  tlint  metal,  Ph^CljOj,  which  oocnrs  natire  aa  mendipite. 

The  terms  Imaic  and  acid  are  sometinieH  applied  tu  salts  with 
referonoe  to  their  action  on  vegetable  colonru.  The  nonaal  salts 
fomied  by  the  union  of  the  stronger  acids  with  the  alknlis  and 
liltialine  earths,  such  aa  potassium  sulphate,  K^^O,,  bartuiu  nitrate, 
Ba(NOj)j,  to.,  are  perfectly  neultal  to  vegetable  colours,  but  most 
other  normal  salts  exhibit  either  an  add  or  an  alkaline  reaction  ; 
thus  ferroua  auljibate,  cnptic  sulphate,  silver  nitrate,  and  many 
others,  redden  htraiia,  while  the  nom»al  carl)onatca  and  phospliatt* 
of  the  alkali-nietuls  i-xliibit  a  dedii.vl  nltalino  leaction.  It  is  ckar, 
then,  that  the  action  of  a  salt  on  vejjetable  colours  bears  no  definite 
relation  to  its  composition  ;  henci?  the  term  nomud,  as  applied  to 
salla  in  which  the  basic  hydrogen  of  the  acid  is  wholly  replaced,  is 
preferable  to  tieutral,  arid  the  terms  lituk  and  arid,  as  applied  to  salta, 
are  best  used  in  the  manner  above  explained  with  reference  to  their 
comijosition. 

When  a  normal  salt  containinj!  a  monoxide  passes  by  oxidation  to 
a  salt  containing  a  sesquioxide,  dioxide,  or  trioxidu,  the  (luantity  of 
acid  present  is  no  longer  snfficient  U>  saturate  the  base.  Thus  when 
a  Bohition  of  ferrous  sulphate,  FcSO,,  or  FeO.SOj  (common  urten 
vitriol),  is  exposed  to  the  air,  it  absorbs  oxygen,  and  an  insoluble 
ferric  salt  is  produced  cnutaiiiin);  an  excess  uf  baee,  while  normal 
ferric  sulphate  remains  in  solution  : 

4(FeO.SO-,)     +     O;     -      FejOj-SSOj     +     FejOj-SO^ . 

These  basic  salts  are  very  often  insoluble  in  water. 
Salts  containing  a  proportion  of  acid  oxide  larger  than  is  sxifScient 
to  form  ft  neutral  compound  are  called  anhydro-salts  (sometiinc.i, 
though  improperly,  acid  i-alts  ;  they  may  evidently  be  regarded  as 
compounds  of  a  normal  salt  with  excess  of  acid  oxide  ;  e.g. : 

^'tZrptftSr'      |N"tO.(SO.),  .   N..(SO,)SO. 

He  so-called  "  anhydrOBnlrihatea  "  are  now  regarded  lu  salts  of  a  dis- 
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The  following  is  a  list  of  the  most  important  inoiganic  acids 
arranged  according  to  their  basicity  : — 


Hydrochloric, 

Hydrobromic, 

Hydriodic, 

Hydrofluoric, 

Nitrous,    . 

Nitric, 

Hyposulpharoos, 

Hypophosphorous, 

Metaphosphoric, 


Hydric  (water), 

Sidphydrie, 

Selenhydric, 

Tellnrhydric, 

Sulphurous, 

Sulphuric, 

Pyrosulphurie, 

Thiosulphuric, 

Dithionie, 

Trithiouic, 

Tetrathionic, 

Pentathionic, 


Orthophosphoric, 


Pyrophosphoric, 


M<meh(uic  Acids. 

Ha 

HBr 

HI 

HP 

HNO, 

HNO, 

H.SHO 

H(PH,(3j 

HPO, 


Bihanc 

H,OH 

H,S 

H^e 

H,Te 

H^O, 

H^a 

H2S2O7 
H.S,0, 
H,8.0, 

HAO. 
HAO, 

HAO. 


Tribatie  Aeid*. 
H,P04  I  Arsenic, 

Tetrabcuie  Addi. 
S^Pfir  I  Orthosilido, 


Boric, 

HBO, 

Antimonic,     . 

HSbO, 

Hypochlorous, 

HCIO 

Chlorous, 

HCIO, 

Chloric, 

HCIO, 

Perchloric, 

HCIO4 

Bromir, 

HBrO, 

Iodic,     . 

HIO, 

Periodic, 

A        ■  V 

HIO4 

Acids. 
SeleniouSt 

HJSeO, 

Selenic, 

HjSeO^ 

Tellurous, 

.        H.TeO, 

Telluric, 

HjTeU. 
HjMnO^ 

Bfanganic, 

Permanganic, 

H,Mn,Os 

Chromic, 

HjCrO^ 

Stannic, 

HjSnO, 

MetaSilicic,     . 

H^SiO, 

Carbonic, 

H,CO, 
H,(PHO(, 

Phosphorous, 

H,As04 


H«8i04 


The  general  characters  of  most  of  the  non-metallic  acids  and  their 
salts  have  been  already  considered;  but  the  phosphates  require 
further  notice. 

Phosphates. — There  are  three  modifications  of  phosphoric  acid : 
one  being  monobasic,  the  second  tribasie,  and  the  third  tetrabasic, 
as  indicated  in  the  preceding  table. 

Hydrogen  phospnide,  PH,,  burnt  in  air  or  oxygen  gas,  takes  up 
four  atoms  of  oxygen,  and  forms  trihydric  phospnate  or  tribasic 
phosphoric  acid,  PH3O4.  The  same  acid  is  produced  by  the 
oxidation  of  hypophosphorous  or  phosphorous  acid;  by  o^disiug 
phosphorus  witn  nitnc  acid  (p.  337) ;  by  the  decomposition  ch 
native  calcium  phosphate  (apatite)  and  other  native  pnosphates ; 
and  by  the  actioo  of  boiling  water  99  phosphorus  peutozidA^  ^^^ 


SXaPOg   +    PlKNO-j),    -     P1'(P0,),   + 

and  this  load-salt  deioiiiposed  h\  sulphydiic  a( 
hydric  acid  having  the  composition  HPO3,  p 
quite  diBtinct  from  those  of  the  trihydric  acid  a1 

PIKPO^  +  H^  =  2HPO3  + 

The  tiihydric  acid  which  is  produced  hy  the  oxid 
and  by  the  decdmpositioii  of  the  ordinary  native 
orthophosphoric  acid  or  ordinary  phoe 
mondb^diic  add  is  called  metaphosphoric 
may  hie  regarded  as  a  trihydrate,  the  latter  at 
phosphoiic  oxide : — 

2H3PO4  =  PjOftpSH-O,  orthophosph 
2HPO3    =  Pj0g.H,O,  metaphosphor 

Both  ore  soluble  in  water,  and  the  former  may 
action  of  boiling  water,  the  latter  by  that  of  cola  1 
oxide.  They  are  easily  distinguished  from  on* 
reactions  with  albumin  and  with  silver  nitrat< 
acid  coagulates  albumin,  and  gives  a  white  pre< 
nitrate;  whereas  orthophosphoric  acid  does  not 
and  gives  no  precipitate,  or  a  very  slight  one, 
till  it  is  neutralised  with  an  alkali,  in  which  case  i 
is  formed. 

Metaphosphoric  acid  and  its  salts  differ  fromoi 
and  the  orthophosphates  by  the  want  of  one  or 
or  base;  thus: — 

MetnbotpbaftM.    Orthopboiphateiu 

HPO,         =      H3PO4  -      1 

NaPOj      =     NaH2P0.      -     1 
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metallic  brthopbospliates  (see  the  first  three  equations  above). — 
/S.  The  metaphosphate  of  a  heavy  metal,  silver  or  lead,  for 
example,  is  converted  bj  boiling  wth  water  into  a  trimetallic 
phosphate  and  orthophosphoric  acid : — 

SAgPOg  +  3H,0  -  Ag3P04  +  2H,P04. 

y.  When  anj  metaphosphate  is  fused  with  an  oxid3,  hydrate,  or 
carbonate,  it  becomes  a  trimetallic  orthophosphate,  eg, : 

NaPOj  +  Na,CO,  =  NajPO^  +  CO,. 

On  the  other  hand  (I),  when  orthophosphoric  acid  is  heated  to 
redness,  it  loses  water  and  becomes  metaphoephoric  acid ;  and  when 
a  monometallic  orthophosphate  is  heated  to  reoness,  it  also  loses  water 
and  is  transformed  into  a  metaphosphate. 

Intermediate  between  orthophoephates  and  metaphosphates,  there 
are  at  least  three  distinct  classes  of  salu,  the  most  important  of 
which  are  the  pyrophosphate*  or  paraphosphates,  which  may 
be  derived  from  the  tetrahydric  or  quaonbasic  add,  H^PjO^,  the 
normal  sodium  salt,  for  example,  being  NafPjO*,  the  normal  lead 
salt,  PbjPoOy,  &c.  These  salts  may  be  viewed  as  c<xnpoimds  of 
orthophosphate  and  metaphosphate,  e,g,: 

Na^P  A  =   NaaPO^  +  NaPO, . 

Sodium  pyrophosphate  is  produced  by  heating  disodic  orthophos- 
phate to  redness,  a  molecule  of  water  being  then  given  ofif : 

2Na,HP04  =  HjO  +  ^A^Pfij. 

The  aqueous  solution  of  this  salt  vields  insoluble  pyrophosphates 
with  lead  and  silver  salts  ;  thus  with  lead  nitrate : 

Na^PA  +  2Pb(N03),  =  4NaN03  -f  PKjPA  5 

and  lead  pyrophosphate  decomposed  by  hydrogen  sulphide  yields 
hydrogen  pyrophosphate  or  pyrophosphoric  acid  : 

PbjPA  +  2H^  =  2PbS  +  U^Pfij. 

P\Topho8phoric  acid  is  distinguished  from  metaphosphoric  acid  by 
not  coagulating  albumin  and  not  precipitating  neutral  solutions  of 
kirium  or  silver  salts,  and  from  orthophosphoric  acid  by  producing 
a  white  instead  of  a  yellow  precipitate  with  silver  nitrate. 

Pyrophosphates  are  easily  converted  into  metaphosphates  and 
orthophosphates,  and  vice  versd,  by  addition  or  abstraction  of  water 
or  a  metallic  base. 

«.  The  production  of  a  pyrophoephate  from  an  orthophosphate  by 
loss  of  water  has  been  already  mentioned. — fi.  Conversely  when  a 
pyrophosphate  is  heated  with  water  or  a  base,  it  becomes  an  ortho- 
pnosphate,  e.g.: 

Na^PA  +     H,0       =  2NasHP04 
Na^PA  +  2NaH0  =  2N«iJ?0^  -V-  iLf5  • 


328  CHBMISIBT  OF  THE  HETAl^. 

In  like  manner  ortboplKieiitioric  at^id  heated  1o  215'  is  almoA 
entin;ly  converted  uvtopjTopnoBphoricacid;2HjPO,-HjO  =  H,P,Ojj 
and  conversely,  when  pjropho^horic  acid  is  wiilfid  with  w  "  ' 
ia  tniuNfonned  into  orthophoBpboric  acid. 

y.  Pyrophosphoric  acid  heated  to  dull  redneaa  is  converted  into  I 
metajjlioBphonc  acid :  H,P,Oj  -  H,0  ■=  2HP0*  The  converBe 
reaction  is  not  easily  effected,  inasinui'h  as  nietaphoBphoric  acid  Irf 
ahsorbin^  water  geilenilly  paaees  directly  to  the  Btate  of  orthophm 
phoric  ncid.  PeJiuot,  however,  observed  the  formation  of  pyropho* 
phorii*  from  Bielaphosphoric  acid  hy  very  alow  fthMirption  of  watel. 
— i.  When  a  metallic  metaphosphate  is  treated  with  a  proper  pro- 
portion of  a  hydroiide,  oxide,  or  carbonate,  it  ia  conveitea  into  ft  i 
pyroplio.-iphBt« ;  thua: 

2NUPO3     +     Na,CO,     =     Na,P,0,     +     CO,. 

MirtapliHpbUe.  OrbonMe.  PjRiplioqihita,    Oirbia  dMiMa. 

Fleitmaun  and  Henneberg,  by  fosiDg  together  a  molecule  of  BodimaJ 
pyropliusphnte,  NajPO^.NiPOn  with  two  molecules  of  metapboa- 
pliat-t,  NaPO^obtained  a  salt  having  thecoinpo3itiDn,Na,PO^NaPO> 
=  NfljPiO.j,  which  is  noluble  without  dni'imiposition  ill  Ji  email 
i^uontily  ol  hot  water,  and  cryatallisee  from  its  solution  hy  evapora- 
tion over  oil  of  vitriol.  An  eicess  of  bot  water  decomposes  it,  bnt 
its  cold  a<iueoua  solution  is  raodenitely  permanent  Insoluble  plio»~ 
phatea  of  aimitar  com^wtsitioD  ma^  1>v  obtained  from  the  Eodium-salt 
by  donble  decomposition.  Fleitinnnn  and  Henneberg  obtained 
another  crvstallii^ble  but  very  insoluble  Fait,  having  the  composi- 
tion, Ka,P0,.9NaP0.-'Na^,P,|,0a,,  by  fuainK  together  one  molecule 
of  sodium  tiryophoiiphate  with  eiKlit  molecules  of  the  metaphospbate ; 
and  insolume  phosphates  of  similar  constitution  were  obtained  from 
it  bv  double  decomposition. 

I'he  compai'ative  composition  cf  these  different  ]  hosphal«a  is  best 
shown  by  representing  tnem  as  compounds  of  phoHphonc  oxide  with 
metallic  oxide,  and  assigning  to  th  m  nU  the  quantity  of  base  con- 
tained in  the  most  complex  member  of  the  senei     thus — 

OrthophoaphatB,        .  ,  6^«,0  2P  n,  =  4Na,PO. 

Pyrophnsphste,  .  «Nh,0  3I,05-3N8,r,OT 

Fleitniniin  and  Hemifberg's  I '">''!•  ■'ti- (  )   6Nn,0  4P  (>5  =  2Nn,P.O,, 
„  „  (0   6^a,0  SI  0,  =  Ntt.,P,uO,, 

Mctaphoaphate.         .         .  eNajO  6F,<)5-12NaPO, . 

UCetallic  Sulphidea.— TheaecomiKiml^  orreh]  end  forthemost 
part,  ill  composition  with  the  oxides  thnstheii!  are  two  sulphides  of 
arsenic,  As^Kj  and  As^u  corresponding  with  the  oxides,  At^Oj  and 
Ai)jOg ;  also  two  sulphides  of  mercury,  Hg^  and  HgS,  analogous  to 
the  oxides,  Hg.O  and  HgO.  0<M:asionalty,  however,  we  meet  with 
oxides  to  whicfi  there  are  no  corresponding'  sulphiilea  {manganese 
dioxide,  for  example),  and  more  lm|ui-iitly  sitliiliuha  to  wliich  there 
are  no  eniresponding  oxides,  the  most  iviniirkabk  of  which  are 
perhaps  (be  aitaJine  polysul\)bvJ.«fl,    PoUiaaium,  for  example,  fonua 
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the  series  of  sulphides,  EjS,  K^S,,  E^  K^4,  and  KjS^  the  third 
and  fifth  of  whicn  have  no  analogues  in  the  oxygen  series. 

There  are  also  h jdrosulphides  analogous  to  Uie  hydroxides,  and 
containing  the  elements  of  ametallic  sulphide  and  hydrogen  sulphide, 
or  sulphydric  acid :  e.g.,  potassium  hydrosulphide,  K^,}I^^ 
2KHS  ;  lead  hydrosulphide,  PbS.H^=.PbH^.  Hydrosulphides 
and  sulphides  may  be  derived  from  sulphydric  acid  by  partial  or 
total  replacement  of  the  hydrogen  by  metals,  just  as  metallic 
hydroxiaes  and  oxides  are  derived  from  water. 

Many  metallic  sulphides  occur  as  natural  minerals,  especially  the 
sulphides  of  lead,  copper,  and  merciiry,  which  afford  valuable  ores 
for  the  extraction  of  the  metals,  and  iron  bisulphide  or  iron  pyrites, 
FeSj,  which  is  largely  used  as  a  soufce  of  sulphur,  and  for  the 
preparation  of  ferrous  sulphate. 

Sulphides  aie  formed  artificially  by  heating  metals  with  sulphur  ; 
by  the  action  of  metals  on  gaseous  hydrogen  sulphide;  by  the 
reduction  of  sulphates  with  hydrogen  or  charcoal;  by  heating 
metallic  oxides  in  contact  with  gaseous  hydrogen  sulphide  or  vapour 
of  carbon  bisulphide;  and  by  precipitation  of  metallic  solutions 
with  hydrogen  sulphide  or  a  sulphide  of  alkali-metaL  Some 
metals,  as  copper,  lead,  silver,  bismuth,  mercury,  and  cadmium,  are 
precipitated  urom  their  acid  solutions  by  hydrocen  sulphide,  passed 
into  tnem  as  gas,  or  added  in  aaueous  solution,  tne  sulphides  or  these 
metals  being  insoluble  in  dilute  acids;  others,  as  iron,  cobalt, 
nickel,  manganese,  zinc,  and  uranium,  form  sulphides  which  are 
soluble  in  acids,  and  these  are  precipitated  by  hydrogen  sulphide 
only  from  alkaline  solutions,  or  by  ammonium  or  potassium 
sulphide  from  neutral  solutions.  Many  of  these  sulphides  exhibit 
characteristic  colours,  which  serve  as  indications  of  the  presence  of 
the  respective  metals  in  solution  (p.  217). 

Metallic  sulphides  are  also  formed  by  the  reduction  of  sulphates 
with  organic  substances;  many  native  sulphides  have  doubtless 
been  formed  in  this  way. 

The  physical  characters  of  some  metallic  sulphides  closely  resemble 
those  of  the  metals  in  certain  particulars,  such  as  the  peculiar 
opacity,  lustre,  and  density,  especially  when  they  are  in  a  crystalline 
condition.  They  are  generally  crystallisable,  brittle,  and  of  a  grey, 
pale  yellow,  or  dark  brown  colour.  The  sulphides  of  the  alkali- 
metals  are  soluble  in  water  ;  most  of  the  others  are  insoluble.  They 
are  more  frequently  fusible  than  the  corresponding  oxides,  and  some 
are  volatilisaole;  as  mercury  sulphide  and  arsenic  sulphide 

Many  sulphides,  when  heated  out  of  contact  with  atmospheric  air, 
do  not  under^  any  decomposition ;  this  is  the  case  chiefly  with 
those  containmg  the  smallest  proportions  of  sulphur,  such  as  the 
monosulphides  of  iron  and  zinc.  Sulphides  containing  laiger 
proportions  of  sulphur  are  partially  decomposed  by  heat,  losing  part 
of  tneir  sulphur,  and  being  converted  into  lower  sulphides  ;  as  m  the 
case  of  iron  bisulphide.  The  sulphides  of  gold  and  platinum  aXQ 
completely  reduced  by  heat 


.  vii|.ai<it»-.-  i'>  iiii.>  jiicuji."-.  /^iiH.'.  iron,  man^niK 
])isiiiiith  sul])]ii(les  .ire  converted  into  oxides,  a 
is  produ('e<l  :  bnt  when  the  tenii»erature  is  not 
some  sulphate  is  formed  by  direct  oxidation. 
Bolphides  are  completely  reduced  to  the  metallic 
Bulphides  gradually  unaergo  alteration  by  mere 
but  it  is  then  generally  limited  to  the  prod 
nnlefls  the  oxidation  takes  place  so  rapidly  thai 
is  sufficient  to  decompose  the  sulj^hate  first 
prodnetion  of  some  metals  for  use  in  the  art 
sulphur  from  the  native  minerals  is  effected  c 
this  action  in  the  operation  of  roastii^. 

Metallic  sulphides  are  decomposed  in  like  w 
with  metallic  oxides  in  suitable  proportions,  ; 
oxide  and  the  metal  of  botiii  the  sulphide  ai 
ndnoed  from  the  natiTe  sulphide  in  this  mannei 

Many  metallic  sulphides  are  decomposed  b; 
of  water,  sulphuretted  hydrogen  beins  evolve 
enters  into  combination  with  the  cmorous  r 
Nitric  acid  when  concentrated  decomposes  m< 
formation  of  metallic  oxide,  sulphuric  acid,  su 
oxide  of  nitrogen.  Nitromuriatic  acid  acts  in  a  i 
still  more  energetically. 

Sulphur-Salts, — The  sulphides  of  the  more  b 
with  those  of  the  more  chlorous  or  electro -negi 
the  non-metallic  elements,  forming'  sulphur-E 
composition  to  the  oxygen-salts,  e.g. : 

Carbonate.  KsCO,     =     E,^ 

Sulphocarlxmate,  EgCS,     =     K,* 
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CLASS  I.— MONAD  METALS. 
GROUP.  L— METALS  OF  THE  ALKALIS. 


POTASSIUIC 

Atomic  weight,  S9'l.     Symbol,  K  (Ealiom). 

Potassium  was  discovered  in  1807  by  Sir  H.  Davy,  who  obtained  it 
in  very  small  quantity  by  exposing  a  piece  of  moistened  potassium 
hydroxide  to  the  action  of  a  poweilul  voltaic  battery,  the  alkali  being 
placed  between  a  pair  of  platinum  plates  connected  with  the 
apparatus.  Processes  have  since  been  devised  for  obtaining  this 
metal  in  almost  any  quantity  that  can  be  desired. 

An  intimate  mixture  oi  potassium  carbonate  and  charcoal  is 
prepared  by  calcinina  in  a  covered^iron  pot,  the  crude  tartar  of 
commerce  ;  when  cold  it  is  rubbed  to  powder,  mixed  with  one 
tenth  part  of  charcoal  in  small  lumps,  ana  quickly  transferred  to  a 
retort  of  stout  hammered  iron  :  the  latter  may  be  one  of  the  iron 
bottles  in  which  mercury  is  imported.  The  retort  is  introduced  into 
a  furnace  a  (fig.  142),  and  placed  horizontally  on  supports  of  fire 
brick,/,  /.  A  wrought  iron  tube  d,  four  inches  long,  serves  to  convey 
the  vapours  of  potassium  into  a  receiver  «,  formed  of  two  pieces  of 
wrought  iron,  a,  b  (fig.  143),  which  are  fitted  closely  to  each  other  so 
aj5  to  form  a  shallow  box  only  a  quarter  of  an  inch  deep,  and  are- 
kept  together  by  clamp-screws.  Tne  iron  plate  should  be  one-sixth 
of  an  inch  thick,  twelve  inches  long,  and  five  inches  wide.  The 
receiver  is  open  at  both  ends,  the  socket  fitting  upon  the  neck  of 
the  iron  botUe.  The  object  of  ^ving  the  receiver  this  flattened 
form  is  to  ensure  the  rapid  coolins  of  the  potassium,  and  thus  to 
withdraw  it  from  the  action  of  the  carbon  monoxide,  which  is 
disengaged  during  the  entire  process,  and  has  a  strong  tendency  to 
unite  with  the  {potassium,  forming  a  dajmerously  explosive  compound. 
Before  connecting  the  receiver  with  uie  tube  d,  the  fire  is  slowly 
raised  till  the  iron  bottle  attains  a  dull  red  heat  Powdered  vitrefied 
borax  is  then  sprinkled  upon  it,  which  melts  and  forms  a  coating, 
serving  to  protect  the  iron  from  oxidation.  The  heat  is  then  to  be 
urged  until  it  is  very  intense,  care  being  taken  to  raise  it  as  equally  as 
possible  throughout  every  part  of  the  furnace.  When  a  full  reddish- 
white  heat  is  attained,  vapours  of  potassium  begin  to  appear  and 
burn  with  a  bright  flame.  The  receiver  is  then  adjusted  to  the  end 
of  the  tube,  which  must  not  project  more  than  a  quarter  of  an  inch 
through  the  iron  plate  forming  the  front  wall  of  the  furnace ;  other- 
wise the  tube  is  liable  to  be  obstructed  by  the  accumulation  of  solid 
potassium,  or  of  the  explosive  compound  above  mentioned.    ^\iQ>>al^ 
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any  oliftniction  occur,  it  must  be  removed  by  thrcwtiiig  in  an  iron 
bar,  and,  if  this  (ail,  tUe  tire  must  be  iniinediately  withdrawn  by 
removing  the  bars  from  the  furnofe,  with  the  exception  of  tira 
which  support  the  iron  bottle.  The  receiver  is  kepi  cool  by  the 
appiicntion  of  a  wet  cloth  to  its  outaide.  When  the  operation  ii 
complete!,  the  Teceivor  with  the  potasainm  is  removed  and  imme- 
diately plunged  into  a  vessel  of  rectified  petroleum  provided  with  • 
cover,  and  kept  cool  by  immerBion  in  water.  When  tlie  apparstOB 
is  sut&L'ieutl;  cooled,  the  potassium  is  detached  and  prewrved  uudtf 
petroleum. 


ng.  lu. 


If  the  potassium  be  wanted  abaoliitply  pure,  it  must  lie  ufterwarda 
re-iliBtiUed  in  an  iron  teWrt  into  which  aomi.  naphtha  hae  been  put, 
that  its  vapour  may  expel  the  air,  and  prevent  oxidation  of  the 

Potassium  is  a  brilliant  white  metal,  with  a  high  degree  of  lustre  ; 
at  the  common  temperature  of  the  air  it  is  soft,  and  may  lie  easilr 
cut  with  a  knife,  but  at  0°  it  is  brittle  and  crystalline.  It  melt* 
completely  at  S2-b%  and  distils  at  a  low  red  hiat.  It  floats  on  water, 
its  specific  gravity  being  only  0'8B5. 

Exposed  to  the  air,  [Mtassiuni  oxidises  instantly,  a  tarnish  covering 
the  BUrfacu  of  the  metal,  which  quickly  thickens  to  a  crust  of  caustic 
potash.  Thrown  upon  water,  it  takes  fire  spontaneously,  and  bums 
with  a  beautiful  purple  flame,  yielding  on  alkaline  solution.  When 
it  is  brought  into  contact  wi^  a  little  water  in  a  jar  standinc  over 
mercury,  the  liquid  is  decomposed  with  ftrtat  energy,  and  hydrogen 
'      ""         '  '    ays    preserved  uudur   tlie   surface   of 
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Potassium  Chloride, KCL — This  salt  isolitained  in  largi"  quantity 
in  the  manufacture  of  the  chlorate;  it  is  easily  mirified  from  any 
portions  of  the  latter  by  exposure  to  a  dull  red-heat.  Within  tlw> 
mt  few  years  Ini^  qnantitiea  o^  ^)tna  w:^\.  W\«  'i»:<i!\  obtained  from 
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isea-water^  hy  a  peculiar  procccs  sn^^ested  by  M.  Balaid.*  It  is  aleo 
contained  in  kelp,  and  is  separate  for  the  use  of  the  alum-maker. 
OonsideraUe  quantities  of  it  are  now  obtained  from  the  salt-beds  of 
Stassfurt,  near  Ma^eburg,  in  Prussia. 

Potassium  chloride  closely  resembles  common  salt  in  appearance, 
assuming,  like  that  substance,  the  cubic  form  of  crystculisation. 
The  crystals  dissolve  in  three  parts  of  cold,  and  in  a  much  smaller 
quantity  of  boiling  water :  tney  are  anhydrous,  have  a  simple 
saline  taste,  with  slight  bitterness,  and  fuse  when  exposed  to  a  red 
heat.  Potassium  chloride  is  volatilised  by  a  very  nigh  tempera- 
ture. 

Potassium  Iodide,  KI. — There  are  three  different  methods  of 
preparing  this  important  medicinal  compoimd. 

(1.)  When  iodine  is  added  to  a  strong  solution  of  caustic  potash  free 
from  carbonate,  it  is  dissolved  in  large  quantity,  forming  a  colourless 
solution  containing  potassium  iodide  and  iodate  ;  the  reaction  is  the 
same  as  in  the  analogous  case  with  chlorine.  When  the  solution 
begins  to  be  permanently  coloured  by  the  iodine,  it  is  evaporated  to 
dryness,  and  cautiously  heated  to  redness,  by  which  the  iodate  is 
entirelv  converted  into  iodide.  The  mass  is  then  dissolved  in  water, 
and,  after  filtration,  made  to  cnrstallise. 

(2.)  Iodine,  water,  and  iron-filings  or  scraps  of  zinc,  are  placed  in 
a  warm  situation  until  the  combination  is  complete,  and  the  solution 
colourless.  The  resulting  iodide  of  iron  or  zinc  is  then  filtered,  and 
exactly  decomposed  witn  solution  of  pure  potassium  carbonate, 
great  care  being  taken  to  avoid  excess  of  the  latter.  Potassium 
iodide  and  ferrous  carbonate,  or  zinc  carbonate,  are  thus  obtained  : 
the  former  is  separated  by  filtration,  and  evaporated  until  the  solu- 
tion is  sufficientlv  concentrated  to  crystallise  on  cooling,  the  wash- 
ings of  the  filter  being  added  to  avoid  loss  : 

Fel,  -I-  KjCOs  =  2KI  -|-  FeCO,. 

(3.)  A  very  simple  method  for  the  preparation  of  potassium  iodide 
was  proposed  by  Liebig.  One  part  of  amorphous  phosphorus  is  added 
to  40  parts  of  warm  water ;  20  parts  of  dry  iodine  are  then  gradually 
added  and  intimately  mixed  witn  the  phophorus  by  trituration.  The 
dark-brown  liquid  thus  obtained  is  now  heated  on  the  water-bath 
until  it  becomes  colourless ;  it  is  then  poured  off  from  the  undissolved 
phosphorus,  and  neutralised,  first  with  barium  carbonate  and  then 
with  baryta- water,  until  it  becomes  slightly  alkaline  ;  and  the  in- 
soluble barium  phosphate  is  filtered  on  and  washed.  The  filtrate 
now  contains  nothiag  but  barium  iodide,  which,  when  treated  with 
potassium  sulphate,  yields  insoluble  barium  sulphate  and  potassium 
iodide  in  solution.    Lime  answers  nearly  as  well  as  baiyta. 

Potassium  iodide  crystallises  in  cubes,  which  are  often,  ftom  some 
unexplained  cause,  milk-white  and  opaque :  they  are  anhydrous, 
and  luse  readily  when  heated.    The  salt  is  very  soluble  in  water, 

*  Reports.by  the  Juries  of  the  International  Exhibition  of  18^  C\»m^\.V. 


Potassium  Oxides. — I'ut^tisiuiii  comlriiitH 

E'ojuirlioijs,  IV.nuijij;  u  Kiuui.xiiir,  K,0,  a  dios 
.O,,  and  three  oxidea  istermeilJAte  between 
a  nydroxide,  EHO,  corresponding  with  the  ib 
Potamum  monoxide,  KjO,  nhf  railed  anhyd 
isformwlwhtiipotaaBiumiii  lliin  ulicea is  expos 
aturetilD  dry  ur  free  fhim  i-iirliuii  ilioxide;  ab 
ii  healed  witli  on  equiviileut  qiiiintity  of  met* 
SKHO  +  K,  =  8K,0  + 
It  is  white,  very  deliquescent  and  caustic,  c 
with  water,  forming  potosamn  hjdroxide,  and 
when  moistened  with  it ;  melta  at  a  red  heat^ 
high  temperatures. 

The  diomdt,  Kfi^  or     I  ,  is  fonned  at  a 

mpsiation  of  the  tetroxide,  but  has  not  beei 
Bt  careMly  legnlating  the  heat  and  Bnpply  o1 
01  the  potaaaium  mar  be  converted  into  a  whit 
the  eorapoeition  of  the  dioxide.  An  aqueous 
is  fonned  by  the  action  of  water  on  the  t«troxi 
K— O— O 

K— 0- 

is  hamt  in  excess  of  dry  air  or  oxygen  gas. 
powder,  which  cakes  together  at  about  280°. 
rapidly,  and  is  deeompoaed  by  water,  giving  ofl 
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Potassium  Hydboxidb,  EHO,  commonly  called  caustic  potash,  or 
potassa,  is  a  very  important  substance,  and  one  of  great  practical 
utility.  It  is  always  prepared  by  decomposing  the  carbonate  with 
calcium  hydroxide  (slaked  lime^  10  parts  of  potassium  carbonate  are 
dlssolyed  m  100  parts  of  water,  and  neated  to  ebullition  in  a  clean 
untinned  iron,  or,  still  better,  silver  vessel ;  8  parts  of  good  quicklime 
are  meanwhile  slaked  in  a  covered  basin,  ana  the  resulting  calcium 
hydroxide  is  added,  little  by  little,  to  the  boiling  solution  of  carbonate, 
with  frec^uent  stirring.  When  all  the  lime  has  been  introduced,  the 
mixture  is  suffered  to  boil  for  a  few  minutes,  and  then  removed  from 
the  fire  and  covered  up.  In  the  course  of  a  very  short  time,  the 
solution  will  have  become  quite  clear,  and  fit  for  decantation,  the 
calcium  car'bonate,  with  the  excess  of  hydrate,  settling  down  as  a 
heavy,  sandy  precipitate.  The  solution  should  not  effervesce  with 
acids. 

It  is  essential  in  this  process  that  the  solution  of  potassium  car- 
bonate be  dilute,  otherwise  the  decomposition  becomes  imperfect. 
The  proportion  of  lime  recommended  is  much  greater  than  that 
required  by  theory,  but  it  is  always  proper  to  have  an  excess. 

The  solution  of  potassium  hydroxide  may  be  concentrated  by  quick 
evaporation  in  the  iron  or  silver  vessel  to  any  desired  extent ;  when 
heated  until  vapour  of  water  ceases  to  be  disengaged,  and  then 
suffered  to  cool,  it  furnishes  the  solid  hydroxide,  KHO  or  KjO.HjO. 

Pure  potassium  hydroxide  is  also  easily  obtained  by  heating  to  red- 
ness for  half  an  hour  in  a  covered  copper  vessel,  one  part  of  pure 
powdered  nitre  with  two  or  three  parts  of  finely  divided  copper  foiL 
The  mass,  when  cold,  is  treated  with  water. 

Potassium  hydroxide  is  a  white  solid  substance,  very  deliquescent, 
and  soluble  in  water ;  alcohol  also  dissolves  it  freely,  which  is  the 
case  with  comparatively  few  potassium  compounds:  the  solid  hy- 
droxide of  commerce,  which  is  very  impure,  may  thus  be  purified. 
The  solution  of  this  substance  possesses,  in  the  very  highest  degree, 
the  properties  termed  alkaline  :  it  restores  the  blue  colour  to  litmus 
which  nas  been  reddened  by  an  acid ;  neutralises  completely  the 
most  powerful  acids ;  has  a  nauseous  and  peculiar  taste ;  and  dis- 
solves the  skin,  and  many  other  organic  matters,  when  the  latter  are 
subjected  to  its  action.  It  is  frequently  used  by  surgeons  as  a 
cautery,  being  moulded  into  little  sticks  k^  that  purpose. 

Potassium  hydroxide,  both  in  the  solid  state  and  m  solution,  rapidly 
absorbs  carbonic  acid  from  the  air  :  hence  it  must  be  kept  in  closely 
stopped  bottles.  When  imperfectly  prepared,  or  partially  altered 
by  exposure,  it  effervesces  with  an  acid-  It  is  not  decomposed  by 
heat,  but  volatilises  undecomposed  at  a  very  hi^  temperature. 

The  following  table  of  the  densities  and  value  m  anhydrous 
potassium  oxide,  E^O,  of  different  solutions  of  potassium  hydroxide 
18  given  on  the  autnority  of  Dalton  : — 
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PotaBBium  Nitrate;  Nitre;  Sai/p«(r«,  KNO,  =  NO,(OK).— 
Tliih  iiii]ioi'tant  compound  is  a  natural  product,  being  diaengaged  bj  a 
kind  ol'  etfiorescence  from  the  surface  of  the  Boil  in  certain  diy  and 
hot  couiitriea.  It  taay  also  be  produced  by  artiAcm)  lueanq,  namely, 
hj  the  oxidation  of  ammonia  in  prraence  of  a  powerful  base. 

In  France,  large  quantities  of  artificial  nitre  aie  prepared  hy 
mixii)^;  aoiiaal  refuee  of  all  kin<lswitli  old  mortar  or  slaked  lime 
and  earth,  and  placing  the  mixture  in  keape,  protected  from  the  tail) 
by  a  roof,  but  freelj'  exposed  to  the  air.  From  tinu;  to  time  the 
heaps  un-  watered  with  putrid  urinp,  nnd  the  niHsa  ie  turned  over, 
to  expiiw:  fresh  surfaces  to  the  air.  When  much  unit  haa  been 
fomieil,  the  mixture  ix  lixiriiited,  and  the  eidution,  which  conlaina 
calcium  nitrate,  is  mixed  n-ith  potaXKium  carbonate  ;  calcium 
carlionate  ia  formed,  and  the  nitric  acid  tnmaferred  to  the  alkali. 
The  filtered  solution  is  then  mnile  to  crystallise,  and  the  cri'^lals 
are  purified  by  re-Bolulion  and  crystallisation,  the  liiiuiU  being 
Btirred  to  prevent  the  fonuation  of  large  crystals. 

The  greater  part  of  the  nitre  used  in  tliis  country  com«  from 
India  :  it  is  dissolved  in  water,  a  little  polawiiuni  carbonate  is 
added  tii  precipitate  lime,  and  then  the  salt  in  purified  as  above. 

Considerable  quantities  of  nitre  ore  now  manufactured  by  decom- 
poriuR  native  sodium  nitrate  (Chile  saltpetre),  with  carbonate  or 
chloride  of  potHMium.  In  Belgium  the  potoasium  carbonate  obtained 
from  the  ashes  of  the  beetroot  sugar  manufactories  is  largely  used 
for  this  purpose;  the  potassiiiim  nitrate  thus  prepared  is  very  pure, 
and  is  produced  nt  a  low  price- 
Potassium  nitrate  crystallises  in  anhydrous  six-sided  prisms,  with 
dihedral  summits,  beloi^ng  to  the  rhombic  or  trinietric  system :  it 
ia  soluble  in  7  parts  of  water  at  15-5°,andinitsown  weight  of  l)oiling 
water.  It«  tOHte  is  sniine  and  cooling,  and  it  is  without  action  on 
vegetable  colours.  It  melts  at  a  teiu]>eralure  below  redness,  and  is 
completely  decomposed  by  a  strong  heat. 

\\  hen  It  is  thrown  on  the  surface  of  manv  metals  in  a  state  of 
fusion,  or  mixed  with  combustible  matter  and  Iieated,  rapid  oxidation 
ensues,  at  the  expense  of  the  oxygen  of  the  nitric  acid.  Bxamples 
of  such  mixtures  are  found  in  common  gunpowder,  and  in  nearly  all 
pyrotechnic  compoBitions,  which  bum  in  this  manner  independently 
of  the  oiygsn  of  the  air,  and  even  uuder  water.  Gunpowder  is 
made   by    very  intjmatc^s    Tm>.\j\^   Ui^eUxeT    potassium    nitrale, 
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charcoal,  and  Bulphur,  in  proportions  which  apprbach  2  molecules  of 
nitre,  3  atoms  of  carbon,  and  1  atom  of  sulphur. 

These  quantities  give,  reckoned  to  100  parts,  and  compared  witB 
the  proportions  used  in  the  manufacture  ot  the  Fnglifth  Qovemment 
powder,  the  following  results  : — 

Potassium  nitrate,  .        .        74*8  76 

Charcoal,         ....        13*3  16 

Sulphur,  ....         11-9  10 

100-0  100 

The  nitre  is  rendered  very  pure  by  the  means  already  mentioned, 
freed  from  water  by  fusion,  and  ground  to  fine  powder  ;  the  sulphur 
and  charcoal,  the  latter  being  made  &om  light  wood,  as  dogwood  or 
alder,  are  also  finely  ground,  after  which  the  materials  are  weighed 
out,  moistened  with  water,  and  thoroughly  mixed  by  grinding  under 
an  edge-milL  The  mass  is  then  subjected  .to  great  pressure,  and  the 
mill-cake  thus  produced  broken  in  pieces,  and  placed  in  sieves  made 
of  perforated  vellum,  moved  by  machinery,  each  containing,  in 
admtion,  a  round  piece  of  heavy  wood.  The  grains  of  powder  broken 
off  by  attrition  fall  through  the  holes  in  the  skin,  and  are  easily 
separated  from  the  dust  by  sifting.  The  powder  is,  lastly,  dried  by 
exposure  to  steam-heat,  and  sometimes  glazed  or  polished  by  agita- 
tion in  a  kind  of  cask  mounted  on  an  axis. 

It  was  formerly  supposed  that  when  gunpowder  is  fired,  the  whole 
of  the  oxygen  of  the  potassium  nitrate  was  transferred  to  the  carbon, 
forming  carbon  dioxide,  the  sulphur  combining  with  the  potassium, 
and  the  nitrogen  being  set  free.  There  is  no  doubt  that  this  reaction 
does  take  place  to  a  considerable  extent,  and  that  the  large  volume 
of  gas  thus  produced,  and  still  further  expanded  by  the  very  high 
temperature,  sufficiently  accounts  for  the  explosive  effects.  But 
recent  "investigations  by  Bunsen,  Karolyi,  and  others,  have  shown 
that  the  actual  products  of  the  combustion  of  gimpowder  are  much 
more  complicated  than  this  theory  would  indicate,  a  very  large 
number  of  products  being  formed,  and  a  considerable  portion  of  the 
oxygen  being  transferrea  to  the  potassium  sulphide,  converting  it 
into  sulphate,  which,  in  fact,  constitutes  the  chief  portion  of  the  solid 
residue  and  of  the  smoke  formed  by  the  explosion.* 

Potassium  Chlorate,  KC103=C102(OK).— The  theory  of  the 
production  of  chloric  acid  by  the  action  of  chlorine  gas  on  a  solution 
of  caustic  potash,  has  been  already  explained  (p.  195).  Chlorine  gas 
is  conducted  by  a  wide  tube  into  a  strone  and  warm  solution  of 
potassium  carbonate,  until  absorption  of  tne  gas  ceases ;  and  the 
liquid  is,  if  necessary,  evaporated,  and  then  left  to  cool,  in  order 

♦  See  Watts's  Dictionary  of  Chemistry,  voL  il.  ^.  95S, 
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(Ill'  sliijtilly  soluble  chlorate  may  eryfitoUise  out.  The  mothet- 
(  .ildii'l-  ii  iwonrl  crop  of  crystalB,  but  they  are  iiiiich  more 
iiiiiii.iti  il  «itli  p')t4iBsiuni  chloride.     It  nuiy  be  purified  by  one 

1:1—1  inn  I  liliimte  if  soluble  in  about  SO  parts  of  cold  and  S  t^ 
i;;".it(i  :  tlitiTVutals  are  anhydrous,  flat,  and  tnbulnr  ;  intaate 
111  "  li.ll  11  si'iiibles  nitre.  When  heated  it  gives  off  the  whole 
ii.vvi^i  II  lis  i^iiii  nnd  leaves  pntnsnium  chloride^  By  arresting  tiie 
iiiintiitioii  when  the  evolution  of  cas   hewing   to   slaclien,  and 

Bredisaolviiij,'  the  salt,  potiiasiani  perchlurHte  and  chloride  may  be 

|obIain(ul. 

This  wilt  dpflajrmtes  violently  irith  combustible  matter,  eiploaioii 

Boficn  .ifoiiiriiirr  by  friction  er  blows,  Whenaboiit  one  gTain-wei){ht 
liiiMi''  iiTi'!  ■\n  equal  riuaiitily  of  sulphur  are  rubbeil  in  a  mortaJ, 
iii\ii!ii  I'xplodes  with  a  loud  report:  hence  it  vaniiot  be  u^ 
'  ]>ii']>,a'ilinii  of  [gunpowder  instead  of  the  nitrate.  Pntasdum 
II:' i-  ii'iiv  ri  hirs;e  article  ot  commerce,  Iwi;^} employed,  together 

Ivvltb  |^)|It^]lllllrui<,  in  making  instaulaneous-light  matches. 

PotaoBium  Perchlorate.  KC10,-aOj(OK.)— This  Balthasbeen 
ilrcii.!v-  iii4jr,'.|  iiiiili-r  llii-  in-iid  of  percliloric  acid.     It  is  best  pre- 

l>\  |,i,,'. .  ;lii  ■  I  ,,«,I  ir.l  I'.ii.i— ium  chlorate  into  wurm  nitric 

"'  ■  '-'1  into  porchloric  acid,  chlorina 

I'  ■;  :i'>Tii  the  nitrate  by  crystalliaalion. 

- I     ■   ■■ '  .  '     '..liily  soluble  salt  :  it  reouirea  55 


.  P0TASsnj3C.  839 

?otaRS]c  rooks  with  a  mixture  of  calcium  carbonate  and  fluoride, 
'here  are,  however,  natural  processes  at  work,  by  which  the  potash 
is  constantly  being  eliminated  from  these  rocks.  Under  the  innuence 
of  atmospheric  agencies,  these  rocks  disintegrate  into  soils,  and  as  the 
alkali  acquires  solubility,  it  is  gradually  taken  up  by  plants,  and 
accumulates  in  their  substance  in  a  condition  highly  favourable  to 
its  subsequent  applications. 

Potassium-salts  are  always  most  abundant  in  the  green  and  tender 
parts  of  plants,  as  may  be  expected,  since  from  these,  evaporation  of 
nearly  pure  water  takes  place  to  a  large  extent :  the  solid  timber  of 
forest  trees  contains  comparatively  little. 

Ill  preparing  the  salt  on  an  extensive  scale,  the  ashes  are  subjected 
to  a  process  called  lixiviation  :  they  are  put  into  a  large  cask  or  tim, 
having,  near  the  bottom,  an  aperture  stopped  by  a  I)lug,  and  a 
quantity  of  water  is  added.  After  some  hours  the  li(niid  is  drawn 
off,  ani  more  water  added,  that  the  whole  of  the  soluble  matter 
may  be  removed.  The  weakest  solutions  are  poured  upon  fresh 
quantities  of  ash,  in  place  of  water.  The  solutions  are  then  evapo- 
rated to  dryness,  and  the  residue  is  calcined,  to  remove  a  little  brown 
organic  matter  :  the  product  is  the  crude  potash  oi  pearlash  of  com- 
merce, of  which  very  large  quantities  are  obtained  irom  Russia  and 
America.  The  salt  is  very  impure  :  it  contains  potassium  silicate, 
sulphate,  chloride,  &c. 

The  purified  potassium  carbonate  of  pharmacy  is  prepared  from 
the  crude  article  oy  adding  an  equal  weight  of  cold  water,  agitating 
and  filtering  ;  most  of  the  foreign  salte  are,  from  their  inferior  degree 
of  solubility,  left  behind.  The  solution  is  then  boiled  down  to  a 
very  small  bulk,  and  left  to  cool,  when  the  carbonate  separates  in 
small  crystals  containing  2  molecules  of  water,  K2CO3.2H2O  ;  these 
are  drained  from  the  mother-liquor,  and  then  dried  in  a  stove. 

A  still  purer  salt  may  be  obtained  by  exposing  to  a  red  heat 
purified  cream  of  tartar  (acid  potassium  tartrate),  and  separating  the 
carbonate  by  solution  in  water  and  crystallisation,  or  evaporation  to 
dryness. 

Potassium  carbonate  is  extremely  deliquescent,  and  soluble  in  less 
than  its  own  weight  of  water :  the  solution  is  highly  alkaline  to 
test-paper.  It  is  insoluble  in  alcohol.  By  heat  the  water  of  crys- 
tallisation is  driven  off,  and  by  a  temperature  of  full  ignition  the 
salt  is  fused,  but  not  otherwise  changed.  This  substance  is  largely 
used  in  the  aria,  and  is  a  compound  of  great  importance. 

Acid  potassium  carhanaie^  Hydrogen  and  potassium  carhonatey  or 
Monopotassic  carbonate,  KHCO3  ;  commonly  called  bicarbonate  of 
potash. — When  a  stream  of  carbonic  acid  gas  is  passed  through  a  cold 
solution  of  potassium  carbonate,  the  gas  is  rapidly  absorbed,  and  a 
white,  crystalline,  less  soluble  substance  separated,  which  is  the 
acid  salt.  It  is  collected,  pressed,  redissolved  in  warm  water,  and 
the  solution  is  left  to  crystallise. 

Acid  potassium  carbonate  is  much  less  soluble  than  the  normal 
carbonate,  requiring  4  parts  of  cold  water  to  diaaoIve%it,    TV^ 
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solution  is  nearly  neutral  to  teat-pajier,  and  has  a  mnct  milder  b 
than  the  normal'salt.  Whtn  boiled  it  given  off  carbon  dioiide.  The 
cryslnls,  which  are  lar^  and  beautifiil,  deriTe  their  form  from  a 
inonoclinic  prism  :  they  are  decomjioBed  by  heat,  watej  and  carbon 
diuiide  being  evolved,  and  normal  carbonate  left  liehind  ; 

2KHC0j  =   K,CO,  +  H,0  +  CO,, 

PotaBsium  BtUphatea. — Potassium  fonna  a  normal  o 
Huljihate,  two  acid  gulphates,  and  an  anhydroeulphate. 

Nnnnal  polmmwrn,  irdphate,  or  Bipofasiir  milpliaU,  E^O.—  ] 
SO,(OK),  =  KjO-SOj,  18  obtained  by  neutralisinB  the  acid  leaidos' J 
left  ill  the  retort  when  nitric  acid  is  pi«pai^,  with  crude  potaieinn  J 
carbon.'ite.  The  solution  yields,  on  cooling,  htLrdtmnspurent  crystola  1 
of  the  neutral  sulphate,  which  may  be  re-aiHsolped  in  boiling  water,  1 
and  re-L'rystalliBed. 

Pr^ttiHsium  sulphate  is  soluble  in  about  10  parta  of  cold,  and  in  * 
much  fluialkr  quantity  of  boiling  water  :  it  has  a  bitter  taste,  and  ii 
neutral  to  teat-paper.  The  crystals  aie  combinations  of  rhombic 
pynnii  uU  and  prisms,  much  rcsemblinK  those  of  quartz  in  figure  and 
upjieaninee  :  they  are  (mliydi'iiue,  and  decre]iitati!  when  suddenly 
heated,  wliich  is  ol'ten  the'  ctwe  with  salts  containiug  no  water  of 
ci7Stalli.<ation.    They  nrc  quite  insnitthic  in  nlcoliol. 

Acid  jiofosst'iim  gulpluile,  Hydrmien  and  potasfiiura  fdjihate,  or 
Monopotiaxic  avljiltate,  KHSO^  =  SO,(OKXOH),  commonly  called 
bmilphate  ofjpoUiA. — To  olitain  this  salt  the  neutral  stilphate  in 
powtler  is  mixed  with  half  its  weifjht  of  oil  of  vitriol,  and  the  wholf 
evaporated  quite  to  dryness  in  a  platinum  vessel  placed  under  a 
chimney  :  the  fused  sidt  is  diKHofveil  in  hot  filter  and  left  to 
cry»tidlise.  The  cn-stals  have  the  flsure  of  flattened  rhombic 
prismti,  and  are  much  more  soluble  than  the  nenliid  salt,  requiring 
only  twice  their  wci;;ht  of  water  at  IS'S",  and  less  than  half  that 
quantity  at  IW.  The  sulution  has  a  sour  tawte  and  strongly  acid 
reaction. 

Potiisdaiii  J.h'fiili'hale,  or  Pyrogtilphnle,  KoSjOj,  derived  from 
NordhauKen  sulphnric  acid,  H2RCO;,  and  commonly  called  iitihifihom 
biiiUpluilc  0/ potiuh,  ia  obtained  liy  dissolvinjt  e(|Ual  weijjhts  of  the 
normal  sulphate  and  oil  of  vitriol  in  a  small  quantity  of  warm 
distilled  water,  and  lea^dni;  the  solution  to  cool. 

The  mTO-sulphatc  raystidlisfs  out  in  long  delicate  needle,  which 
if  left  lor  several  daysiu  the  mother-liquor,  disanjiear,  and  give  place 
to  urystals  of  the  onlinojy  acid  sulphate  above  descriliwl.  This  salt 
is  decomposeil  by  a  hirge  quantity  of  water,  nnd  is  cnnverteil  by 
strouK  fumin;;  sulphuric  acid  into  liiidrnpoUurie  j»jro»)ilpbaU,  KHS^O;, 
which  crystnllis!?n  in  Irnuspai'ent  iirisms,  Tlio  neutral  iiynisulphale 
in  fine  powder,  heated  with  an  nlciiholic  solution  ot  [Mitassium 
hydroaulphide,  is  converted  with  sulphate  and  thiosul]>hate,  with 
ei-olutiou  of  hydroijen  sulpliide  : 

K,SjO,  -I-  2KIIS  =  K^O^  -V  K^fi.Pi  +  HsS. 
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FotasBiuxii  Sul]phides. — Potassium  heated  in  sulphur  vapour 
bums  with  great  brilliancy.  It  unites  with  sulphur  in  five  different 
proportions,  forming  the  compounds  K^,  Kjo^,  K^S,,  K^S^,  K^S^ ; 
also  a  hydrosulphide  or  sulphydrate,  KHS. 

Mono8ulphide,  E^S. — It  is  doubtful  whether  this  compound  has 
been  obtained  in  the  pure  state.  It  is  commonly  said  to  be  produced 
by  heating  potassium  sulphate  in  a  current  of  dry  hydrogen,  or  by 
iffniting  uie  same  salt  m  a  covered  vessel  with  finely  divided 
clLarcoal ;  but,  according  to  Bauer,  one  of  the  higher  smphides  is 
always  formed  at  the  same  time,  together  with  oxide  of  potassium. 
The  product  has  a  reddish-yellow  colour,  is  deliquescent,  and  acts 
as  a  caustic  on  the  skin.  When  potassium  sulphate  is  heated  in  a 
covered  crucible  with  excess  of  lamp-black,  a  mixture  of  potassium 
sulphide  and  finely  divided  carbon  is  obtained,  which  takes  fire 
spontaneously  on  coining  in  contact  with  the  air.  The  monosulphide 
might  perhaps  be  obtained  pure  by  heating  1  molecule  of  potassium 
sulphyarate,  KHS,  with  1  atom  of  the  metal. 

When  sulphydric  acid  gas  is  passed  to  saturation  into  a  solution 
of  caustic  potash,  a  solution  of  tne  sulphydrate  is  obtained,  which  is 
colourless  at  first,  but  if  exposed  to  the  air,  quickly  absorbs  oxygen, 
and  turns  yellow,  in  consequence  of  the  formation  of  bisulphide  : 

2KHS  +  0  -  KjS,  +  HjO. 

If  a  solution  of  potash  be  divided  into  two  parts,  one  half 
saturated  with  hydr(^en  sulphide,  and  then  mixed  with  the  other, 
a  solution  is  formed  which  may  contain  potassium  monosulphide  : 

KHS  +  KHO  =  K^  +  H,0. 

But  it  is  also  possible  that  the  hydroxide  and  hydrosulphide  may  mix 
without  mutual  decomposition.  The  solution  when  mixed  with  one 
of  the  stronger  acids,  gives  off  hydrogen  sulphide  without  de{>osition 
of  sulphur,  a  reaction  which  is  consistent  with  either  view  of  its  con- 
stitution. 

The  bisulphidef  K^o,  is  formed,  as  already  observed,  on  exposing 
a  solution  of  the  hyarosulphide  to  the  air  till  it  begins  to  show 
turbidity.  By  eva^ration  m  a  vacuum,  it  is  obtained  as  an  orange- 
coloured,  easily  fusible  substance. 

The  trisiUphidey  KjSj,  is  obtained  by  passing  the  vapour  of  carbon 
bisulphide  over  ignited  potassium  carbonate,  as  long  as  gas  continues 
to  escape  : 

2K^C03  +  3CSj  =  2K4S3  +  4C0  +  COg. 

Also,  together  with  potassium  sulphate,  forming  one  of  the 
mixtures  called  liver  ofsulvhur^  by  melting  652  parts  (4  molecules) 
of  potassium  carbonate  with  320  parts  (10  atoms)  of  sulphur : 

4K,C08  +  Sw  =  K^04  +  3K#^  -V  AC.Q>v 
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Till}  I'Jramilpkiiii,  KSu  ^  fonued  by  reducing  potassium  anlp!iate 
with  the  vapour  of  carbon  bimilphiiie. 

Thu  pcnlam^ihide,  K,S^,  is  foimed  by  boiling  a  eolution  of  any  of 
the  j>i'ei;t-iUnc  auliiliidea  with  eicess  of  Bulphw  till  it  is  witnraWil,  or 
hv  fusing  ei^er  of  them  in  the  dry  Htnte  with  sulphur.  The  esc«is 
01  Buiphui'  then  separates  and  floats  above  the  dork  brown  penta- 
Bulphiile. 

Liver  of  mdphw,  or  hepar  lulpharit,  ie  a  name  given  to  a  brownish 
Bul>»i1ance,  aometimeB  used  in  medicine,  made  riy  fusing  t<^ther 
diifcreiit  proportions  of  potaasium  carbonate  and  sulphur-  It  is  « 
variable  mixture  of  the  two  higher  aulphidea  with  tluosulphate  and 
sulphntc  of  potassium. 

Wlit^ii  ei[ual  parte  of  sulphur  and  dry  potaiurium  carbonate  ara 
mellti'l  tOLi^tber  at  a  temperature  not  eieee£ug  850°,  the  decomposi- 
tion of  the  salt  is  quite  compltst«,  aod  all  the  carbon  dioxide  is 
exjieiU'd.  The  ftwed  mass  diiisolvefl  in  water,  with  the  exception  of 
a  little  mechanically  mixed  suIpLur,  with  dark-brown  colour,  and 
the  solution  is  found  to  contain  notliiu);  besides  petita£ul[tlude  and 
IhioBiilpliute  of  potassium  r 

3KjO  +  S„  -  SKsSs  +  K^A- 

Whi'n  the  mixture  litis  been  e; 
:hftt  otiguitioH,  it  is  found,  on 
sulphate,  aiising  from  the  deconi[ioiiitiiiu  of  the  thiosulphate  whiil 
then  occurs  : 

4K,S,03  =   KA  +   3K;S0,. 

Froiu  both  these  mixtures  the  potassium  ])eutus«lpliide  may  be  ex- 
tracted by  alcoliol,  in  which  it  dissolves. 

When  the  carbonate  is  fusi'il  with  half  its  weitiht  of  soliihur  onlv, 
the  trisulphide  ia  produced,  us  above  indicated,  instead  of  the  i>enta- 
sulphidi-. 

The  effects  deseribed  happi'U  in  the  same  manner  when  potase^iuni 
hydroxiile  is  substituteil  fiu'  the  ciirbonate  ;  also,  when  a  stdutiun  of 
the  hydroxide  is  Iniilud  with  sulphur,  a  mixture  of  Bulpliide  and 
thiosulphate  always  results. 


Potassium-salts  are  colourless  when  not  associated  with  a  tnloiireil 
metidlic  oxide  or  acid.  They  ,ire  lUl  more  or  less  soluble  in  iiater, 
and  may  be  distinj^shed  by  the  following  charuuters  :— 

(1.)  Solution  oi  lartdrie  arid,  added  in  excess  to  a  moderatelv 
Btrong  solution  of  a  potassium -salt.  Rives,  after  some  time,  a  white 
crystalline  precipitate  of  cream  of  tjirtur  ;  the  effect  is  greatly  pro- 
moted by  strong  agitation. 

(^.)  Solution  of  plalinic  cAtoruJc,  with  a  little  hydiwhloric  add, 
if  neceastay,  gives,  uiidifi  uniW  tiicu'iiia\aiitft9^*.cri«aJJivi«>(el[ow 
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precipitate,  which  is  a  double  salt  of  platinum  tetrachloride  and 
potassium  chloride.  Both  this  compound  and  cream  of  tartar  are, 
however,  soluble  in  about  60  parts  of  cold  water.  An  addition  of 
alcohol  increases  the  delicacy  of  both  tests. 

(3.)  Perchloric  acid,  and  sUicofluoric  acid,  give  rise  to  slightly 
soluble  white  precipitates  when  added  to  a  potassium-salt 

(4.^  Potassium  salts  usually  colour  the  outer  blow-pipe  flame 
purple  or  violet ;  this  reaction  is  clearly  perceptible  only  when  the 
potassium  salts  are  pure. 

(5.)  The  spectral  phenomena  exhibited  by  potassium  compounds 
are  mentioned  at  page  77. 


SODIUM. 

Atomic  weight,  23.    Symbol,  Na  (Natrium). 

Sodium  is  a  very  abundant  element,  and  very  widely  diffused. 
It  occurs  in  large  quantities  as  chloride,  in  rock-salt,  sea- water,  salt- 
springs,  and  many  other  mineral  waters  ;  more  rarely  as  carbonate, 
borate,  and  sulphate,  in  solution  or  in  the  solid  state,  and  as  silicate 
in  many  minerals. 

Metallic  sodium  was  obtained  by  Davy  soon  after  the  discovery 
of  potassium,  and  by  similar  means.  Gay-Lussac  and  Thdnard  after- 
waixls  prepared  it  by  decomposing  sodium  hydroxide  with  metallic 
iron  at  a  white  heat ;  and  Brunner  showed  that  it  may  be  prepared 
with  much  greater  facility  by  distilling  a  mixture  of  sodium  carbonate 
and  charcoal. 

The  preparation  of  sodium  by  this  last-mentioned  process  is  much 
easier  tnan  that  of  potassium,  not  being  complicated,  or  only  to  a 
slight  extent,  by  the  formation  of  secondary  products.  Within  the 
last  few  years  it  has  been  considerably  improved  by  Deville  and 
others,  and  carried  out  on  the  manufacturing  scale,  sodium  being 
now  employed  in  considerable  quantity  as  a  reducing  agent, 
especially  in  the  manufacture  of  aluminium  and  magnesium,  and  in 
the  silver  amalgamation  process. 

The  sodium  carbonate  used  for  the  preparation  is  prepared  by 
calcining  the  crystallised  neutral  carbonate.  It  must  be  thoroughly 
dried,  then  pounded,  and  mixed  with  a  slight  excess  of  pounded 
charcoal  or  coal.  An  inactive  substance,  viz.,  pounded  chalk,  is  also 
added  to  keep  the  mixture  in  a  pasty  condition  during  the  operation, 
and  prevent  the  fused  sodium  carbonate  from  separating  from  the 
charcoaL  The  following  are  the  proportions  recommended  by 
Deville  : — 


Far  Laboratory  Operations. 

Dry  sodium  carbonate,  717  parts 
Charcoal,        .        .       175 
Chalk,  .        .      108 


tf 


9> 


For  Manufacturing  Operations, 

Dry  sodium  carbonate,  80  kilogr. 
Coal,  .        .        13 


*f 


\> 
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These  materials  must  be  very  iutiroately  mixed  hj  pounding  lati 
sifting,  ond  it  is  advantageous  to  calcine  the  miitura  before  Uilro- 
ducing  it  into  the  distilling  apparatus,  provided  the  calciiiation  caa 
be  effected  by  the  woMe  heat  of  a  fiimiice  ;  the  mixture  i»  thereby 
rendered  more  compact,  so  that  a  much  larger  quiiutitj  '  '""" 
duced  into  a  veeael  of  given  mze. 

The  difitillation  is  iienoimKd,  on  tlie  laboratory  scale,  in  a  mercury 
bottle  hi^atrf  exactly  in  llie  nianner  descril^ed  for  the  prepamtion  of 
potastjinni.  For  nuuiufacturing  operations,  the  mixture  in  mtreduced 
into  irou  cylindera,  which  are  neat«d  in  a  reverberatory  furnace,  and 
HO  ammged  that,  at  the  end  of  the  distillation,  the  exhausted  charge 
may  be  withdrawn  and  a  fresh  chai^  introduowl,  without  displacing 
the  cylinders  or  pntting  out  the  lire.  The  receivers  ueed  in  either 
case  are  tlie  same  in  form  and  dimensions  ns  those  employed  in  the 
pri-paratiim  of  potassium  (p.  317). 

Whtfn  the  procees  goes  on  well,  the  sodium  collected  in  the 
receivers  is  nearly  pure  ;  it  may  be  completely  purified  by  melting 
it  under  ii  thin  layer  of  petroleum.  This  liquid  is  decanted  as  soon 
AS  the  soilinm  becomes  perfectly  fluid,  ana  the  metal  is  run  into 
moulds  like  those  used  for  casting  lead  or  zinc. 

Sodium  is  a  silver-while  iiii-t;il,  gri'nlly  rtsenililiiig  piitnsr.ium  in 
every  respeet.  Its  spcci tic  gravity  is  0-t)72.  It  is  soft  at  common 
temperatures,  melts  at  ST'tf^  and  oxidises  very  rapiiUy  in  the  air. 
When  placed  on  the  surface  of  cold  water,  it  decomposes  that  liquid 
with  gri'at  violence,  but  seldom  takes  lire  unless  the  motions  of  the 
fraj^cnt  are  restruincd,  and  its  rapid  cooling  is  diminished  by  adding 
cum  or  starch  to  the  water.  With  hot  water  it  takes  fire  at  once, 
Kitming  with  a  bright  yellow  Hame,  and  proilucing  a  solution  of 

Sodium  Chloride;  Oommon  Salt,  NaCl. — ^Thisvery  important 
snlistance  is  fouml  in  many  parts  of  the  world  in  solid  beds  or 
irregular  strata  of  immense  thickness,  as  in  Cheshire,  Spiiii,  Galicin, 
and  many  other  localities.  An  inexhaiistible  supplj-  exists  also  in 
the  waters  of  the  ocean,  and  !ai^  quantities  are  obtained  frem  saline 
springs. 

Rock-salt  is  almost  always  too  ininure  for  use.  If  no  natural 
brine-Hpring  exists,  an  artilicial  one  is  formed  by  sinking  a  shaft  into 
the  rock-«alt,  and,  if  necessary,  introducing  water.  This  when 
saturated  is  pumncd  ui>,  and  evaporated  more  or  less  rapidly  in  large 
irou  pans.  As  the  salt  separates,  it  is  removed  from  the  bottom  of 
the  vessel  by  means  of  a  scoop,  pressed  while  still  moist  into  moulds, 
and  then  transferred  to  the  drying-stove.  When  larj^  crj'stals  ore 
required,  as  for  the  coarsc-pniincd  oay-ealt  used  in  curing  pi-ovisions, 
the  evaporation  is  slowlj-  conducteil.  Common  salt  is  apt  to  be  con- 
taminated with  magnesium  chloride 

Sodium  chloriile,  when  pure,  is  not  deliquescent  ui  modenitely 
dry  air.  It  cn-stallisos  in  anhydrous  cubes,  which  are  often 
grouped  together  into  pyrtouiilft,  or  hIk\i«.     U  requires  about  2  J  parts 


SODIUM. 


S45 


of  water  at  60^  F.  for  solution,  and  its  solubility  is  not  sensibly 
increased  by  heat ;  it  dissolves  to  some  extent  in  spirit  of  wine,  but 
is  nearly  insoluble  in  absolute  alcohoL  It  melts  at  a  red  heat,  and 
is  volatile  at  a  still  higher  temperature.  The  economical  uses  of 
common  salt  are  well  known. 

The  iodide  and  bromidfi  of  todivm  much  resemble  the  correspond- 
ing potassium-compounds  :  they  crystallise  in  cubes,  which  are 
anhydrous,  and  very  soluble  in  water. 

Sodium  Oxides. — Sodium  forms  a  monoxide  and  a  dioxide ;  also 
a  hydroxide  corresponding  with  the  former. 

Sodium  Monoxide,  or  Anhydraiu  Soda,  NajO,  is  produced,  together 
with  the  dioxide,  when  sodium  bums  in  the  air,  and  may  be 
obtained  pure  by  exposing  the  dioxide  to  a  very  high  temperature  ; 
or  by  heating  sodium  hydroxide  with  an  equivalent  quantity  of 
sodium :  2NaH0 + Na, = 2Na20 + H^.  It  is  a  grey  mass,  which  melts 
at  a  red  heat,  and  volatilises  with  difficulty. 

Sodium  Hydroxide,  or  Caustic  Soda,  NaHO,  or  Na-O.HjO. — This 
substance  is  prepared  by  decomposing  a  somewhat  dilute  solution  of 
sodium  carbonate  with  calcium  hydbroxide :  the  description  of  the 
process  employed  in  the  case  of  potassium  hydroxide,  and  the  pre- 
cautions necessary,  apply  word  for  word  to  that  of  sodium  hydroxide. 

The  solid  hy(m>xiae  is  a  white  fusible  substance,  very  similar  in 
properties  to  potassium  hydroxide.  It  is  deliquescent,  but  dries  up 
^am  after  a  time  in  consequence  of  the  absorption  of  carbonic  acid. 
Tne  solution  is  highly  alkaline,  and  a  powerful  solvent  for  aoimal 
matter  :  it  is  used  in  large  quantity  for  making  soap. 

The  strength  of  a  solution  of  caustic  soda  may  be  roughly  deter- 
mined from  a  knowledge  of  its  density,  by  the  aid  of  the  following 
table  drawn  up  by  Dalton  : — 

TABLE  OF  PERCBNTAOB  OF  ANHYDROUS  SODA,  Na,0,  IN  SOLUTIONS 

OF  DIFFERENT  DEN8ITT. 


Deniitj. 


•00 
•85 
•72 
•63 
•55 
•50 
•47 
•44 


Percentage  of 
•nliydrons  vdft. 

Densltjr. 

77-8 

1-40 

68-6 

1-86 

538 

1-32 

46  •e 

1-29 

41-2 

1-23 

86  8 

1-18 

34  0 

1-12 

810 

106 

Percentage  of 
anbjdrona  soda. 

29  0 
26-0 
28  0 
190 
160 
130 

9^0 

4  7 


Sodium  Dioxide,  NajO^ — Sodium,  when  heated  to  about  200°  in  a 
current  of  dry  air,  absorbs  oxygen,  and  is  converted  into  dioxide  ; 
this  substance  is  white,  but  becomes  yellow  when  heated,  which  tint 
it  again  loses  on  cooling.  It  dissolves  in  water  without  decomposi- 
tion :  Uie  solution  may  be  evaporated  under  the  receives  oC^lbk&^kL- 
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pump,  nnil.  when  stdftcieutlv  c.oni'entnited,  dqxieits  cijstaJIine  plotes 
huvin^'llm  comjwgitiun  NajOj.eH,0.  These  crystals  left  to  effloresce 
iiviT  oil  (if  vitriol  for  uine  days  lose  three-fonrthfi  of  their  wat«r, 
and  j-ielil  another  hydrate  containing  Nu,0j2H,0.  The  aqueous 
soliitiiiu  of  aodium  ilioxide  when  heatfid  on  tie  water-balh,  is 
deconipiir'ed  into  oxygen  and  the  monoxide. 

Bodjiun  mtmte,  NaNOj. — This  salt,  HOmetimes  called  Cubic 
Xitrc,  or  CkiU  Saltpetre,  occurs  native,  and  in  euormous  quantity,  at 
Tarapn'a  in  Northern  Peru,  where  it  forms  n  n^lar  btd,  of  great 
extent,  along  with  gypsuni,  comiDon  salt,  and  remains  of  recent 
shells.  The  pure  ^t  commonly  cryatalliseB  in  rhomhohednma, 
teaembling  those  of  calcareous  spar.  It  is  dehqnescent,  and  vei^ 
soluble  in  water.  Swliiim  nitrate  is  employed  for  muldng  nilnc 
acid,  but  cannot  be  ut«d  for  gunpowder,  8«  the  mixture  bums  too 
slowly,  imd  becomes  damp  in  tlie  air.  It  has  been  lately  nsed  with 
somi'  iiuci.'i'a«  in  agrivulture  as  a  superficial  manure  or  top-dreBaiiig  ; 
also  for  ]iri:jiaring  potassium  nitrate  (p.  336). 

Sodium  Carbonates,  —  The  Nailrnl  or  Disndk  CarhoiinU, 
Na^COj.lOHjO,  wiw  once  exclusively  obtninol  from  the  nshes  of  sea- 
weeds, and  of  plnntii,  such  as  the  Salsola  mda,  which  grow  by  the 
aea-side,  or,  lining  cultivated  in  suitable  localities  for  tlie  purpose, 
are  ofterwanls  subjected  to  incineration.  The  harilla,  still  employe<l 
to  a  small  extent  In  soap-making,  is  thus  produced  in  several  ]>laces 
on  the  coast  of  Spain,  as  at  Alicante,  Carthageno,  &c.  That  madu  in 
Brittany  is  called  varec. 

Sodium  carbonate  is  now  manufactureil  on  a  stujiendous  scale  fiiuu 
common  salt  by  a  series  of  processes  which  may  be  divided  into  two 

(1.)  Jlanufacture  of  sodium  sulphate,  or  SHlt-cakc,  from  sodiuin 
chloriile  (common  salt)  ;  Ibis  is  cidleil  the  salt-cake  process. 

Si.)  Manufacture  of  sodiimi  carbonate,  or  aoda-ash  ;  called   the 
a-osh  process. 

{\.)  Hall-cake,  prnciee. — This  process /'onsists  in  the  decomposition 
of  common  Halt  by  sulphnric  acid,  au<l  is  effected  in  a  fumace  calki.! 
the  Salt-cake  fumaee,  of  which  tiy.  144  represents  a  section.    It  ton- 


s  of  a  larce  covere.1  iron  pan,  yhia^.l  in  the  centre,  and  heated 
y  a  lire  imderneath  ;  and  two  roiftt'ts,  or  revcrl>eratory  furnaces, 
a  \.lie  \ii;«A\i'i  cS.  '«W,U  Ike  salt  ia  com- 
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pletely  decomposed.  The  charge  of  half  a  ton  of  salt  is  first  placed 
in  the  iron  pan,  and  then  the  requisite  quantity  of  sulphuric  acid  is 
allowed  to  pass  in  upon  it.  Hydrochloric  acid  is  evolved,  and 
escapes  through  a  flue,  with  the  products  of  combustion,  into  towers 
or  scrubbers,  tilled  with  coke  and  bricks  moistened  with  a  stream  of 
water ;  the  acid  vapours  are  thus  condensed,  and  the  smoke  and 
heated  air  pass  up  tne  chimney.  After  the  mixture  of  salt  and  acid 
has  been  heated  in  the  iron  pan,  it  becomes  converted  into  a  solid 
mass  of  acid  sodium  sulphate  and  undecomposed  sodium  chloride: — 

2NaCl  +  H2SO4  =  NaCl  +  NaHSO^  +  HCl. 

It  is  then  raked  on  to  the  hearths  of  the  furnaces  at  each  side  of 
the  decomposing  pan,  where  the  flame  and  heated  air  of  the  fire  com- 
plete the  decomposition  into  neutral  sodium  sulphate  and  hydro- 
chloric acid : — 

Naa  +  NaHSO^  =  NajSO^  +  HQ. 

S2)  Soda-ash  process, — The  sulphate  is  next  reduced  to  powder, 
I  mixed  with  an  equal  weight  of  chalk  or  limestone,  and  half  as 
much  small  coal,  both  ground  or  crushed.  .  The  mixture  is  thro\»Ti 
into  a  reverberatory  furnace,  and  heated  to  fusion,  with  constant 
stirring.  When  the  decomposition  is  judged  complete,  the  melted 
matter  is  raked  from  the  furnace  into  an  iron  trough,  where  it  is 
iillowed  to  cool.  This  crude  product,  called  bla>ck  ash  or  ball-soda^  is 
broken  up  into  little  pieces,  when  cold,  and  lixiviated  with  cold  or 
tepid  water.  The  solution  is  evaporated  to  dryness,  and  the  salt 
calcined  with  a  little  sawdust  in  a  suitable  furnace.  The  product  is 
the  soda  ash  or  British  alkali  of  commerce,  which,  when  of  good 
quality,  contains  from  48  to  62  per  cent,  of  anhydrous  soda,  Na«0, 
partly  in  the  state  of  carbonate,  and  partly  as  hydroxide,  the  remainuer 
being  chiefly  sodium  sulphate  and  common  salt,  with  occasional 
traces  of  sulphite  or  thiosulphate,  and  also  cyanide  of  sodium.  By 
dissolving  soda-ash  in  hot  water,  filtering  the  solution,  and  then 
allowing  it  to  cool  slowly,  the  carbonate  is  deposited  in  large  trans- 
parent crystals. 

The  reaction  which  takes  place  in  the  calcination  of  the  sulphate 
with  chalk  and  coal-dust  seems  to  consist,  first,  in  the  conversion  of 
the  sodium  sulphate  into  sulphide  by  the  aid  of  the  combustible 
matter,  and,  secondly,  in  the  interchange  of  elements  between  that 
substance  and  the  calcium  carbonate  : 

Na^S  +  CaCOj  =  CaS  +  NajCOj. 

Several  other  processes  for  the  manufacture  of  soda  have  been, 
devised  and  even  carried  into  execution,  but  the  onl^  one  which 
appears  to  hold  out  any  prospect  of  commercial  success  is  that  which 
is  called  the  "  ammonia  soda-process,''  *  This  method,  first  suggested 

♦  Chemlsches  Centralblatt,  1878,  p.  636 ;  IS74,  ^^.^ll^^^l^^^^fftu 
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altout  ffirtf  jeUB  ago,  haa  been  tried  at  several  workii  in  England 
and  ill  lii'ruiBii;.  It  consiBla  ill  decompoEiijig  a  Bolution  of  conmion 
suits  with  ammonium  bicarbonate,  whereby  the  greater  part  of  tlie 
sodium  in  ]jrccipilated  as  bicarboDate,  while  the  ammonia  recaains  in 
Bolutiiin  us  ammunium  chloride.  This  latter  salt  ia  heated  with 
limu  to  11  lK;rate  ammonia,  which  is  then  reconverted  into  bicarboDate 
by  the  carbonic  acid  evolved  in  the  conveniiuu  of  the  sodium 
bicarbonate  into  monocarboimte  by  heat ;  and  the  auunoniom 
biciirlioiijitc  thuB  reproduced  ia  employed  to  decompose  freshportionB 
of  sodium  ihloride,  so  that  the  process  is  made  contmuoua.  The  chief 
advunuiMi',-'  i.laimed  for  this  process  are  the  direct  conversion  of  the 
sodium  cliloride  into  carbonate,  which  is  precipitated  trom  the  con- 
centrated liquors  uncontaminated  with  salts  of  other  metals ;  tbe 
ubsoluti!  freedom  of  the  product  from  sulphur-compounds ;  and 
lastly,  simplicity  of  plant,  saving  of  fad,  and  freedom  from  noxious 
TapiinrH  and  troublesome  secon<£iry  products. 

The  chii'f  obstacle  to  its  profitable  employment  appears  to  be  that, 
with  certai  n  proportions  of  the  matfirials,  and  under  certain  conditions 
of  tt'iri[>erature  and  concentration,  a  reveiHe  reaction  takes  place, 
whereby  the  sodium  biwirlmniitc  and  niiLiiionium  chloiide  are  recon- 
vert(;d  into  nuimonium  carbonati!  and  sodium  chloride. 

The  ordinary  crysUUs  of  sodium  carbonate  contain  ten  molecules 
of  water ;  but  by  particular  manngement  the  some  salt  may  he 
obtaiueil  with  fifteen,  nine,  seven  molecules,  or  sometimes  with 
only  oue.  Tlie  common  form  of  the  cryi^tals  is  derived  from  on 
oblique  rhombic  prism  ;  they  ell]oMi<cc  in  <lry  air,  and  crumble  to 
a  white  powder.  Heated,  they  fuse  iu  their  wat«r  of  crystallisation ; 
when  tlie  latter  has  been  expelled,  and  the  dry  salt  eiposed  to  a  full 
red  heat,  it  melts  witliout  undergoing  change,  Tlie  common  erj-stals 
dissolve  in  two  parts  of  cold,  and  in  li-ss  than  their  own  weight  of 
boiling  water  :  tne  solution  has  a  strong,  disagreeable,  alkaline  taste, 
and  n  powerfully  alkaline  reaction. 

Hyifrogen  aiid  Sodium  Carbonate,  Hydrosodic  Carbonate,  Mouonndic 
Carbimale,  Add  Sodium  GaTbonale,  NaHCO,  iir  NnaCOs-HjCOj, 
commonly  called  Sicarboaatt  of  toda. — This  salt  is  premreil  by  [toss- 
ing carbonic  acid  gas  intoa  cold  solution  of  tlie  nentral  carlxiiiute,  or 
hr  placing  the  crvstalH  in  an  atmosphere  of  the  gas,  which  is  rapidly 
absorbed,  while  tne  crystals  lose  the  greater  jiart  of  their  water,  and 
pass  iDto  the  new  compound. 

MonoMxliu  carbonate,  prepared  by  either  pocess,  is  a  crystalline 
white  powder,  which  cannot  he  re-uissnlved  in  warm  water  without 
partial  decomposition.  It  re<]iiii'es  10  partti  of  water  at  15'5°  for 
solution  :  the  liquid  is  feebly  alkaliue  to  tent-imper,  and  has  a  much 
milder  taste  than  that  of  the  neuti-al  carbonate.  It  dues  not  precipitate 
a  solution  of  magnesia.  By  exposure  to  heat,  the  salt  is  converted 
into  neutral  carbonate. 

Dihydro-Utrasodic  CaTbomite,  Nft,Hj(COj)j,2H20.— This  salt, 
eommonly  called  saquieaTbaii'ite  o/  aoilu,  may  Ix:  it^'inli'd  os  a 
compouttil    of  the    neuttal   and   mi  wiw,  "(^a.^0^2NaHC03). 
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It  occurs  native  on  the  banks  of  the  soda  la^es  of  Sokenna,  near 
Fezzan,  in  Africa,  where  it  is  called  tronai;  also  as  urao,  at  the 
bottom  of  a  lake  in  Maracaibo,  South  America  It  is  produced 
artificially,  though  with  some  difficnlty,  by  mixing  the  monosodic 
and  diosodic  carbonates  in  the  proportions  above  indicated,  melting 
them  together,  drying,  and  exposing  the  dried  mass  in  a  cellar  for 
some  weeks ;  it  then  absorbs  water,  becomes  crystalline,  and  con- 
tains spaces  filled  with  the  tetrasodic  carbonate. 

Sodtum  and  Potasnum  Carbonate,  NaKC03.6H2O,  separates  in 
monoclinic  crystals  from  a  solution  containing  the  two  carbonates  in 
equivalent  proportions. 

A  mixture  of  these  two  carbonates  in  equivalent  proportions  melts 
at  a  much  lower  heat  than  either  of  tne  salts  separately ;  such 
a  mixture  is  very  useful  in  the  fusion  of  silicates,  &c 

Alkalimetry, — Arudym  of  AUccUine  Hydroxides  and  Carbonates, 

The  amount  of  alkali  or  alkaline  carbonate  in  commercial  potash 
soda,  or  ammonia,  is  estimated  by  determining  the  quantity  of  an 
acid  of  given  strength  required  to  neutralise  a  given  weight  of  the 
sample.  The  estimation  de^nds  upon  the  f&ets  that  the  alkaline 
salts  of  strong  acids  (sulphuric,  oxaBc,  &c.)  are  neutral  to  litmus  : 
and  that  the  violet  solution  of  litmus  is  coloured  blue  by  caustic 
alkalis  or  alkaline  carbonates,  wine-red  by  carbonic  acid,  and  light 
red  by  strong  acids. 

The  first  step  is  the  preparation  of  the  standard  acid.  It  is  best  to 
make  this  liqmd  of  sucn  strength  that  1000  cubic  centimeters  (1  litre) 
shall  contain  exactly  one  ^  grarn-molecule  (i.e.,  1  molecule  expressed 
in  i  grams)  of  the  acid. 

A  W)ut  70  grams  of  concentrated  sulphuric  acid  are  diluted  with 
about  600  grams  of  water ;  when  the  mixture  is  cool,  the  volume  of 
it  necessary  to  saturate  5*3  grams  (one  ^  decigram-molecule)  of  pure 
anhydrous  sodium  carbonate,  Na-COo,  is  determined.*  For  this 
purpose  6*3  grams  of  freshly  ignitea  sooium  carbonate  are  dissolved 
m  hot  water,  the  solution  coloured  blue  with  a  few  drops  of  litmus, 
and  the  acid  added  from  a  burette  or  alkalim^ter  (p.  351),  at  last 
drop  by  drop,  till  the  colour  just  passes  from  wine-red  to  light  red, 
and  till  strips  of  litmus-paper,  moistened  with  the  solution,  begin  to 
retain  the  colour  when  dry.  The  volume  of  acid  employed  is  then 
noted,  and  the  whole  diluted  so  as  to  approximate  to  tne  required 
strength.  Suppose,  for  instance,  37  cubic  centimeters  of  acid  have 
been  used :  water  is  then  added  till  every  100  volumes  is  diluted 
to  250  volumes,  and  another  determination  is  made.  If  90  cubic 
centimeters  are  now  required  to  saturate  the  ^  decigram  alkaline 
solution,  every  90  volumes  of  the  acid  must  be  dOuted  to  100,  and 
the  result  controlled  by  a  firesh  determination  ;  100  cubic  centimeters 
of  this  acid  should  exactly  saturate  5*3  grains  of  sodium  carbonate, 

*  The  molecule  of  sodium  carbonate,  NaaCO.,  weighs  2.28+124-S.lQ=^\.Q&. 


and  will  cuatain  1  balf-diicienun-inolecule  of  acid  ;  S  cubic  centitDetert 
wUl  lliL-rufore  conUiin  1  mUligniin-molecnle  (0t)9S  grain),*  and  will 
eatunite  2  miUigram-oialeculeB  of  an  tklktdi  (EHO  t>r  NaHO),  or  1 
miUij^.iiii-iuolccule  of  on  alkaline  caTbonate  (EgCO,  or  Nn,COA 

Ti)  Kstiiiinte  the  proportion  of  uUtali  in  a  commereial  »iin)j[e,  a 
veigbi:d  |i(>]'tian  of  the  aubfitftnce  is  diaaolved  in  water  ('if  a  solid) ; 
a  few  lll<|]>^<  of  litmiiB  are  addnl  ;  thu  Htendord  acid  is  added  from  a 
biiretti',  until  the  first  permunent  appearance  of  a  light  red  uuloui  ■ 
and  the  vulume  of  auid  employed  is  read  off.  Each  cubic  centimeter 
of  acid  i-orrespondH  to  1  niilligram-moleciile  of  alkali,  or  1  half 
iuilli|>riiiii-uiolBCule  of  alkaline  airbonate;  t.e.,toO.D53)(Tamof  sodiuiu 
carboTuilii,  Na,CO„  0-069  giaol  potaeaium  carbonate,  K^COj,  0-040 
gram  of  c^umtic  soda,  NaHO,  O-ciSSKrani  of  caustic  pota«h,  KHO,  and 
01)17  ^'nijii  <A  animuiiia,  NH^;  aiia  a  simple  proportion  ^vea  the 
amoAUil,iFl;LlkalioralkaIinecarbonat«pniseiit(«.yT  100:  6'9  ; :  niun- 
ber  of  culiii:  ceutimeteni  employed:  [tolasaium  corboDatc  present]. 
By  opeiutiug  on  100  times  the  f  milligram-moleciile  t.g.,  6*9  gnuns 
iiL  the  av^-  of  potoasiaiii  corbonatB,  6-3  gmns  in  tlie  ca«e  of  sodinra 
carbonate)  all  calolation  is  saved  i  for  as  tbis  amount,  if  preeent, 
would  rei[uire  100  cubic  centiitieton'  of  acid  for  its  situnition,  the 
numbi-r  of  cubic  centinitterB  actually  rei^uired  iit  once  indionlos 
the  pcrcentii^ie  of  alkaline  carbonate.  The  burettes  coumnmly  used 
contain  50  cubic  centimeters,  and  arc  graduated  into  half  cubic 
uentimt-ter8  ;  m  that  hj  operating  on  50  times  tlie  |  ndlli^^ni- 
MitJeidc,  tlic  nnmber  of  ilivisinns  employeil  indicates  the  iiercentnse. 

Soini'tiim-H,  instead  of  exactly  ncntraliaiug  the  nlknb  witb  the 
standaril  acicl,  it  is  hctt«r  to  odd  the  acid  till  the  litmus  a.°»iiuies  a 
distinct  light  red  colour,  then  beat  the  solntion  t<i  boiliu:.;,  and  aild 
a  small  excess  (5  to  10  cubic  centimeters)  of  aciil.  The  hot  solution 
is  freed  from  carbonic  acii I  by  agitation  and  iiy  drawlnjfair  through 
it  with  a  glu^  tuiie ;  and  then  ueutmlised  with  a  stamlanl  snlntion 
of  caustic  soibi  (100  cubic  centimeters  of  whiuli  exactly  Nitunite  ItXl 
cubic  centinielui's  of  tlie  stimdard  ncid)  till  the  colour  just  changes 
from  reil  to  blue.  Since  the  acid  and  alkaline  solutions  neutralist 
each  other  volume  for  votume,  it  is  only  necessary  tu  deduct  tbe 
number  of  cubic  centimeters  employed  of  the  latter  frirtii  that  of  tbe 
foniier,  and  calculate  the  amoiuit  of  alkali  from  tbe  residue.  This 
method,  called  the  iwUrect  or  nmhuil  method,  is  preferable  to  the 
direct  method  previously  describeil  for  the  analysis  i>f  carbonates, 
since  tlic  chan'-e  from  bhie  to  red  is  mute  diatinctly  nmrked  than 
tliat  from  one  shade  of  red  to  aimther. 

The  stiinihird  solution  of  caustic  soda  must  l>e  kept  in  a  Hask,  into 
the  cork  of  which  ia  inserted  a  calcium  chlori<le  tube  tilled  with  a 
mixture  ofsodiumsidphateand  quicklime,  which  effectually  iirevents 
the  absorption  of  carbonic  acid.  If  the  burette  be  closed  with  a 
similar  tube,  tlie  smla-solution  may  remain  in  it  for  davs. 

The  "  alkidiiueter  "  or  "  bui'ette'''is  a  g1aR:(tulie(tij;.  145)  closed  at 

'  The  mohculuT  weight  of  aulv\mik  acii,  fti?.Q„  taSS  =  2  +  32  +  4 .  16. 
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one  end  and  moulded  into  a  spout  or  lip  at  the  other,  and  marked 
with  any  convenient  scale  of  equal  parts  generally,  as  above 
mentioned,  into  100  half  cubic  centimeters.*  A  strip  of 
paper  is  pasted  on  the  tube  and  suffered  to  dry,  after 
which  the  instrument  is  ^^raduated  by  counterpoising  it 
in  a  nearly  upright  position  in  the  pan  of  a  balance  of 
moderate  delicacy,  and  weighing  into  it,  in  succession,  6, 
10,  15,  20,  &c.,  grams  of  distilled  water  at  4°  C.  until  the 
whole  quantity,  amounting  to  50  grams  (50  cubic  centi- 
meters), has  been  introduced,  the  level  of  the  water  in  the 
tul^  h^ing,  after  each  addition,  carefully  marked  with  a 
j)en  upon  the  strip  of  paper,  while  the  tube  is  held  quite 
upright,  and  the  mark  made  between  the  top  and  bottom 
or  the  curve  formed  by  the  surface  of  the  water.  The 
smaller  divisions  of  the  scale,  of  a  half  cubic  centimeter 
each,  may  then  be  made  by  dividing  with  compasses  each 
of  the  spaces  into  ten  equal  ^arts.  When  the  graduation 
is  comj)iete,  and  the  operator  is  satisfied  with  its  accuracy, 
the  marks  may  l)e  transferred  to  the  tube  itself  by  a  sharp 
file,  and  the  paper  removed  by  a  little  wann  water.  The 
numbers  are  scratched  on  the  glass  with  the  hard  end  of 
the  same  file,  or  with  a  diamond.  Or  the  glass  is  covere<l 
with  etching  wax,  the  scale  traced  upon  it  with  a  fine 
needle  point,  and  the  marks  etched  by  exposing  the  tube 
to  the  vapour  of  hydrofluoric  acid. 

The  alkalimeter,  represented  in  fig.  145,  is  the  sim|)le8t  form  of  this 
instrument.  The  pouring  out  of  minute  quantities  is,  however, 
greatly  facilitated  by  providing  the  measure  with  a  narrow  dropping 
tube,  fig.  146,  the  lower  extremity  of  which  is  soldered  into  the 
measure,  whilst  the  upper  one  is  bent  outward  and  sharply  cut  off. 
This  kind  of  burette,  which  is  known  as  Qay-Lussac's,  is  chiefly 
used  in  France.  The  liquid  may  be  very  conveniently  poured  from 
it ;  but  it  is  rather  easily  broken,  so  that  its  manipulation  requires 
a  good  deal  of  care.  This  defect  is  greatly  obviated  in  the  burette, 
fig.  147,  in  which  the  graduated  tube  is  provided  with  a  spout  at 
the  top,  there  being  at  the  same  time  an  orifice  for  pouring  in  the 
liqui(L 

A  very  elegant  instrument  has  been  contrived  by  Dr.  Mohr  of 
Coblentz.  It  is  a  gracluated  tube,  drawn  out  at  one  end  to  a  point, 
to  which  is  attached,  by  means  of  a  narrow  vulcanised  caoutchouc 
tube,  a  short  glass  tube,  likewise  drawn  out  to  a  jwint  Tfig.  148). 
There  is  a  small  space  (about  J  inch)  between  the  two  tubes,  upon 
which  is  fixed  a  metallic  clamp,  a,  represented  in  its  actual  dimen- 
sions in  fig.  149.  This  clamp  shuts  off  the  connection  between  the 
graduated  cylinder  and  the  small  glass  tube.    But  by  pressing  with 


» 


*  It  may  also  be  divided  into  1000  grain-ineasures,  the  grain-measure  being 
the  capacity  of  a  ffrain  of  distilled  water  at  60"*  F. ;  70|000  such  measures  go 
to  an  imperial  gaUon,  and  8750  to  a  pint. 


MONAD  METALS. 


tTiB  finjiers  upon  the  enila  b  b,  of  this  clamp, 
liquid  to  How  out  of  the  lower  tuhe.    It 


t  opens,  and  allnWB  the 
)  evident  that  bj'  this 


i  1 


<j 


regulated  with   the 


nrTan<;cini:nt  the  amount  of  litiiuil  i 
greatest  nicety. 

It  is  often  ilesirable,  in  the  nnalysia  of  carbonates,  to  ■letpmiine 

directly  the  iimmrtion  of  carbonic  acid  :  the  following  raetliods  give 

rery  exiiot  results  : — 

A  Kniall  light  gliiM  fla=k  of  three  or  four  ounces  cajmcity,  with 

lipped  &lf;e,  is  chosen,  and  a  cork  filtcil  to  it.     A 

Fig.  15B.  piece  of  tube  about  three   inches  long  is  drawn 

out  at  one  estremity,  and  iiited,  by  means  of 

a  Biuall  cork  and  a  bit  of  bent  tube,  to  the  cork 

of  thu  liask.    This  tube  is  filled  with  frajpnenta 

of  calcium  chloride,  prevenletl  from  eacaping  by 

a  little  cotton  at  either  end:  the  joints  an  secureil 

by  scaling  wax.     A  short  tube,  closed  at  one 

extremity,  and  small  enough  to  go  into  the  fla.'k, 

is  aim  provideil,  and  the  apparatus  is  complete. 

Fifty  grains  of  the  carbonate  to  be  examined  are 

carefully  wcigln-d  out  and  introduced  into  the  fiiiflk,  together  with  a 

little  water  ;  the  small  tube  is  then  filled  with  oil  of  vitriol,  and 

placed  in  the  Aaek  in  a  nearly  upright  position,  and  leaning  against 

!.__..,__■ V "attlie      ■'    '  ■  «... 


!r  tliat  tl 


mlely  counterpoised  on  the  balance. 
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slightly  inclined,  bo  that  the  oil  of  vitriol  may  slowly  mix  with  the 
other  subetances  and  decompose  the  carbonate,  the  gas  from  which 
escapes  in  a  dry  state  from  the  extremity  of  the  tube.  When  the 
action  has  entirely  ceased,  the  liquid  is  heated  until  it  boils,  and  the 
steam  begins  to  condense  in  the  drying  tube ;  it  is  then  left  to  cool, 
and  weighed,  when  the  loss  indicates  the  quantity  of  carbon  dioxide 
The  acid  must  be  in  eicess  after  the  experiment.  When  calcium 
carbonate  is  thus  analysed,  hydrochloric  acid  must  be  substituted  for 
the  sulphuric  acid. 

Instead  of  the  above  apparatus,  a  neat  arrangement  may  be  used, 
which  was  first  suggestea  by  Will  and 
Fresenius.  It  consists  of  two  small  glass 
flasks,  A  and  B,  the  latter  being  somewhat 
smaller  than  the  former.  Each  of  the 
flasks  is  provided  with  a  doubly  perforated 
cork.  A  tube,  open  at  both  ends,  but 
closed  at  the  upper  extremity  by  means 
of  a  small  quantity  of  wax,  passes  through 
the  cork  of  a  to  the  very  bottom  of  the 
flask,  whilst  a  second  tube,  reaching  to 
the  bottom  of  B,  establishes  a  communi- 
cation between  the  two  flasks.  The  cor^ 
of  B  is  provided,  moreover,  with  a  short 
tube,  d.  In  order  to  analyse  a  carbonate, 
a  suitable  quantity(fifty  grains)  is  put  in- 
to A,  together  with  some  water.  B  is  half  filled  with  concentrated 
sulphuric  acid,  the  apparatus  tightlv  fitted  and  weighed.  A  small 
quantity  of  air  is  now  sucked  out  of  flask  B  by  means  of  the  tube  d, 
whereby  the  air  in  a  is  likewise  rarefied.  On  allowing  the  air  to 
return,  a  quantity  of  the  sulphuric  acid  ascends  to  the  tube  c,  and 
flows  over  into  flask  a,  causing  a  disengagement  of  carbon  dioxide, 
which  escapes  at  d,  after  having  been  perfectly  dried  by  passing 
through  the  bottle  b.  This  operation  is  repeatea  until  the  wnole  ot 
the  carbonate  is  decomposed,  and  the  process  is  terminated  by 
opening  the  wax  stopper,  and  drawing  a  quantity  of  air  through  the 
apparatus.  The  apparatus  is  now  rewei^hed.  The  difference  of  the 
two  weighings  expresses  the  quantity  ot  carbon  dioxide  in  the  com- 
pound analysed. 

Sodium  Sulphate,  NaoSO^.lOlLO,  conmionly  called  Glavher'ssalt, 
is  a  by-product  in  several  chemical  operations  and  an  intermediate 
product  in  the  manufacture  of  the  caroonate  as  above  described :  it 
may  of  course  be  prepared  directly,  if  wanted  pure,  by  adding  dilute 
sulphuric  acid,  to  saturation,  to  a  solution  of  sodium  carbonate.  It 
crystallises  in  forms  derived  from  an  oblic^ue  rhombic  prism  :  the 
crystals  contain  10  molecules  of  water,  are  efflorescent,  and  undergo 
wateiT  fusion  when  heated,  like  those  of  the  carbonate  :  they  are 
soluble  in  twice  their  weight  of  cold  water,  and  mpidly  increase  in 
solubility  as  the  temperature  of  the  liquid  rises  to  33%  at  whicK 
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SikHhui  (I nil  Ihlil iiiiji  II  SnliiJtiif'  ,  or  . 
2XallS(),.3H,()  (.1-  Na..S(),.H,,S()^.3lI.,0,  cni 
of  soda,  is  ])ivpjire<l  ]»y  adding  to  10  ])arts  d 
sulphate,  7  of  oil  of  vitriol,  evaporating  th 
gently  igniting.  The  acid  sulphate  is  very  i 
an  acid  reaction*  It  is  not  deliquescent. 
heated,  the  fused  salt  gives  up  anhydro 
becomes  neutral  sulphate ;  a  change  which 
previous  formation  of  a  pyrosulphate,  NagSj 

Sodioxn  HypoBulphite,  Na^SO,. — This 
deoxidising  action  of  zinc  on  the  sulphite,  N 
has  already  been  described  (p.  213).  It 
soluble  in  water  and  in  w6ak  spirit,  the  so] 
bleaching  and  reducing  properties.  The  c 
to  the  air  in  the  moist  state,  rapidly  becoi 
a  property  by  which  this  salt  is  distinguis 
phate. 

Sodioxn  Thiosulphate,  Na^S^Oo,  forme 
This  salt  is  formed  from  the  sulphite,  Na^SOg, 
There  are  several  modes  of  procuring  it.  On 
neutral  sodium  stUjphite,  by  passing  a  strea 
phurous  oxide  gas  mto  a  strong  solution  of 
then  digesting  the  solution  with  sulphur  a 
several  days.  By  careful  evaporation  at  a 
the  salt  is  obtained  in  large  regular  crystals,  ^ 
in  water.  It  is  used  in  considerable  quan 
purposes,  and  as  an  antichlore. 
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alkaline  to  test-paper.  Ciystals  containing  7  molecules  of  water, 
and  having  a  form  different  from  that  above  mentioned,  have  been 
obtained. 

A  trisodic  orthophosphcUej  sometimes  called  svhphosphate,  NasPO^ 
I2H2O,  is  obtained  by  adding  a  solution  of  caustic  soda  to  the  pre- 
ceding salt.  The  crystalB  are  slender  six-sided  prisms,  soluble  in 
five  parts  of  cold  water.  It  is  decomposed  by  acids,  even  d^bonic, 
but  suffers  no  change  by  heat,  except  the  loss  of  its  water  of  crystal- 
lisation. Its  solution  is  strongly  alkaline.  Monosodic  orthophosphate, 
NaHgPOi.HjO,  often  called  superphosphate  or  biphosphate,  may  be 
obtained  oy  adding  phosphoric  acid  to  the  ordinary  phosphate,  until 
it  ceases  to  precipitate  barium  chloride,  and  exposmg  the  concen- 
trated solution  to  cold.  The  crystals  are  prismatic,  very  soluble, 
and  have  an  acid  reaction.  Wben  strongly  heated,  this  salt  be- 
comes changed  into  monobasic  sodium  phosphate,  or  metaphos- 
phate. 

Sodiumi,  Ammonium,  and  Hydrogen  Phosphate  ;  Phosphorus  Salt ; 
Microcosmic  Salt,  Na(NHJHP04.4H20.— -Six  parts  of  common 
sodium  phosphate  are  heat^  with  2  parts  of  water,  until  the  whole 
is  liquened,  and  one  partof  powdered  sal-ammoniac  is  added  ;  com- 
mon salt  then  separates,  and  may  be  removed  by  a  filter  ;  and  from 
the  solution,  duly  concentrated,  the  microcosmic  salt  is  deposited  in 
prismatic  crystals,  which  may  be  purified  by  one  or  two  re-crystal- 
lisations. Microcosmic  salt  ii  very  soluble.  When  gently  heated, 
it  parts  with  its  4  molecules  of  crystallisation- water,  and,  at  a  higher 
temperature,  the  basic  hyilrogen  is  likewise  expelled  as  water,  together 
with  ammonia,  and  a  very  fusible  compound,  sodium  metaphosphate, 
remains,  which  is  valuable  as  a  flux  in  blow-pipe  experiments. 
Microcosmic  salt  occurs  in  decomposed  urine. 

Tetrasodic  Phosphate,  or  Sodium  Pyrophosphate,  'S&^'PJOj.lOHfi,  is 
prepared  by  strongly  heating  common  disodic  ortnophospnate, 
di'^solving  the  residue  in  water,  and  recrystallising.  The  crystals 
are  veij  brilliant,  permanent  in  the  air,  and  less  soluble  than  the 
original  phosphate  :  their  solution  is  alkaline.  A  sodiohydric  pyro- 
phosphate has  been  obtained  ;  but  it  does  not  crystallise. 

Monosodic  Phosphate,  or  Sodium  Metaphosphate,  NaPOj,  is  obtained 
by  heating  either  the  acid  tribasic  phosphate,  or  microcosmic  salt. 
It  is  a  transparent  glassy  substance,  fusible  at  a  dull  red  heat, 
deliquescent,  and  very  soluble  in  water.  It  refuses  to  crystallise, 
but  dries  up  into  a  gum-like  mass. 

If  this  glassy  phosphate  be  cooled  very  slowly,  it  separates  as  a 
beautiful  crystalline  mass.  It  may  be  purified  by  means  of  boiling* 
water  from  the  vitreous  metaphosphate,  which  will  not  crystallise. 
Another  metaphosphate  has  been  obtained  by  adding  sodium  sulphate 
to  an  excess  of  phosphoric  acid,  evaporating,  and  heating  to  upwards 
of  315°.  Possioly  tnese  several  metaphosphates  may  be  represented 
by  the  formulae  NaPOj,  NajP^Og,  ana  NaaPjO^. 

The  tribasic  phosphates,  or  orthophosphates,  ^ve  a  bright  yellow 
precipitate  with  solution  of  silver  nitrate ;  the  bibasic  s^yiTOtssriOcAssL^ 


Ill    rljUlValflll     |»Htj»nriiiMi>,    .ui«i    m 

lonns  lar^f  c-w.-tals  coiitaiiiinu'  Xal>().,.;ilIo(). 

The   u'i  nhijdrohorufj:,   Jliliundr^    or    llont.c^    2Xi 
Xao0.2B203.U)il20,  occurs  iu  the  watei-n  of  eerta 
ana  Persia :  it  is  imported  in  a  crude  state  Iroi 
name  of  tincdL    When  purified  it  constitutes  the 
Much  borax  is  now,  however,  manufactured  fro: 
acid  of  Tuficany,  also  from  a  native  calcium  boi 
which  occurs  in  southern  Peru,    Borax  cryst 
prisms,  which  effloresce  in  dry  air,  and  require  2 
6  of  boiling  water  for  solution.     On   exi>osing 
molecules  of  water  of  crystallisation  are  expelle 
temperature  the  salt  fuses,  and  assumes  a  gh 
cooling  :  in  this  state  it  is  much  used  for  blow-pi 
metallic  oxides  dissolving  in  it  to  transparent  be 
are  distinguished  by  characteristic  colours,    By 
ment,  crystals  of  borax  can  be  obtained  with  5  i 
they  are  very  hard,  and  permanent  in  the  air. 
constitution  an  acid  salt,  nas  an  alkaline  reactic 
is  used  in   the  arts  for  soldering  metals,  its  a 
rendering  the  surfaces  to  be  joinea  metallic,  by  di 
and  it  sometimes  enters  into  the  composition 
which  stoneware  is  covered. 

Sodium  Sulphide^  NagS,  is  prepared  in  tl 
potassium  monosulphide ;  it  separates  from  a  c 
in  octohedral  crystals,  which  are  rapidlv  decc 
with  the  air  into  a  mixture  of  sodium  hydrate  ai 
forms  double  sulphur  salts  with  hydrogen  sulphid 
and  other  sulphur  acids. 

0^,1.:,,.^  otlT•r^'^.•;r1t»  iu  oii-nnntjpfl  fn  t'Titer  into  th( 
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There  is  no  good  precipitant  for  Bodimn,  all  its  salts  being  very 
soluble,  with  the  exception  of  the  metantvmonatej  which  is  precipitated 
on  mixing  a  solution  of  a  sodium  salt  with  a  solution  ot  potassium 
metantimonate  ;  the  use  of  this  reagent  is,  however,  attended  With 
some  difficulties.  The  presence  of  sodium  is  often  determined  by 
negative  evidence.  The  yellow  colour  imparted  by  sodium  salts  to 
the  outer  flame  of  the  blow-pipe,  and  to  combustible  matter,  is  a 
character  of  considerable  importance.  The  spectral  phenomena 
exhibited  by  sodium  compounds  are  mentioned  on  page  71, 


AMMONIUM. 

The  ammonia  salts  are  most  conveniently  studied  in  this  place,  on 
accoimt  of  their  close  analogy  to  those  of  potassiimi  and  sodium. 
These  salts  are  formed  by  the  direct  union  of  ammonia,  NHj,  with 
acids,  and  as  already  pointed  out  (p.  164),  they  may  be  r^arded  as 
compounds  of  acid  radicles,  CI,  NO3,  SO4,  &c.,  with  a  basylous 
radicle,  NH4,  called  ammonium,  which  plays  in  these  salts  the 
same  part  as  potassium  and  sodium  in  their  respective  compounds ; 
thus  : — 


NH, 

Ammonim. 
NH3 

NH, 


2NH 


3 


Ha 

Hydrochloric 
acid. 

HNOs 

Nitric 
acid. 

H0SO4 

Saiphuric 
acid. 

HjjSO^ 


NH^.a 

Ammonium 
chloride. 

NH4.NO8 

Ammontom 
nitrate. 

NH4.H.SO4 

Add  ammonimn 
sulphate. 

(NHJ^SO^ . 

Neutral  ammonium 
•ulphiite. 


The  radicle  NH4  is  not  capable  of  existing  in  the  free  state, 
inasmuch  as  it  contains  an  uneven  number  of  monad  atoms  :  it  is 
simply  the  residue  which  is  left  on  removing  the  atom  of  chlorine 
from  the  saturated  molecule,  NH4CL    Whether  the  double  molecule 

NH4 
NoHg,  or   I      ,  has  a  separate  existence,  is  a  different  question. 


NH4 


Ammonium  is  said,  indeed,  to  be  capable  of  forming  an  amalgam 
with  mercury  ;  but  even  in  this  state  it  is  quickly  resolved  mto 
ammonia  and  free  hydrogen. 

When  a  globule  of  mercury  is  placed  on  a  piece  of  moistened 
potassium  hydroxide,  and  connected  with  the  negative  side  of  a  voltaic 
battery  of  very  moderate  power,  the  circuit  bein^  c^mi'^^&VslNX^s^ss:^ 


attc'iulc'<l  hy   JK'.il  aim    ii,l;iil.       .»  i.^..   <...,., 

into  a  caiisuU*,  aixl  covltlmI  with  a  strnii^^  soluti 
The  production  ol"  an  amiuoniacal  amalgam  ii 
the  mercury  increasing  prodigiously  in  volume, 
pasty.  The  increase  of  weight  is,  however,  qui 
trom-jy^to  yV^part.  Left  to  itself,  the  amalgau] 
into  fluid  mercnry,  ammonia,  and  hydrogen, 
indeed,  that  the  so-called  amalgam  may  be 
meicuiy  which  has  absorbed  a  certain  quantity 
as  silver,  when  heated  to  a  very  high  tempe 
taking  up  about  twenty  times  its  volume  of  c 
gives  up  again  on  coolii]^.* 

But  whether  ammonium  has  any  separate  e 
quite  certain  that  manv  ammoniacal  salts  ai 
those  of  potassium  ;  and  if  from  any  two  of  th< 
as  the  nitrates,  KNO3  and  NH4NO3,  we  subti 
common  to  the  two,  there  remain  the  metal  K 
which  are,  therefore,  supposed  to  be  isomorphoi 

Ammonioxn  Ohloride,  Sal-ammoniac,  N 
Sal-ammoniac  was  formerly  obtained  from  £^ 
sublimation  from  the  soot  of  camels'  duns  :  it : 
fetctured  from  the  ammoniacal  liquid  of  the  gas 
condensed  products  of  the  distillation  of  bom 
refuse,  in  the  preparation  of  animal  charcoal. 

These  impure  and  hishly  offensive  solutioi 
slight  excess  of  hydrocnloric  acid,  bv  whic' 
neutralised,  and  the  carbonate  and  sulphide  ( 
evolution  of  carbonic  acid  and  sulphuretted  h 
liquid  is  evaporated  to  dryness,  and  the  salt  can 

•»       «-i»'N  4-o'»rt.,T  Tnnffor  •  it.  IS  then  "Duril 
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hot  water.  By  heat,  it  is  sublimed  without  decomposition.  The 
ciystals  are  anhydrous.  Ammonium  chloride  forms  double  salts 
with  the  chlorides  of  magnesium,  nickel,  cobalt,  manganese,  zinc, 
and  copper. 

Ammonium  Nitrate,  (NH4)N03,  is  easily  prepared  by  adding 
ammoniimi  carbonate  to  slightly  diluted  nitric  acid  until  neutralisa- 
tion has  been  reached.  By  slow  evaporation  at  a  moderate  tempera- 
ture it  crystallises  in  six-sided  pnsms,  like  those  of  potassium 
nitrate  ;  but,  as  usually  prepared  for  making  nitrogen  monoxide,  b^ 
quick  boiling  until  a  portion  solidifies  completely  on  cooling,  it 
^rms  a  fibrous  and  indistinct  crystalline  mass. 

Ammonium  nitrate  dissolves  in  two  parts  of  cold  water,  pro- 
ducing considerable  depression  of  temperature;  it  is  but  feebly 
delic^uescent,  and  deflagrates  like  nitre  on  contact  with  heated  com- 
bustible matter.  Its  decomposition  by  heat  has  been  already 
explained  (p.  159). 

Ammonium  Sulphate,  (NH4)3S04.'— Prepared  by  neutralising 
ammonium  carbonate  witn  sulphuric  acid,  or  on  a  large  scale,  for 
use  as  a  manure,  by  adding  sulphuric  acid  in  excess  to  the  coal- 
gas  liquor  just  mentioned,  and  purifying  the  product  by  suitable 
means.  It  is  soluble  in  2  parts  of  cold  water,  and  crystallises  in 
long,  flattened,  six-sided  prisms.  It  is  entirely  decomposed  and 
driven  off  by  ignition,  and,  even  to  a  certain  extent,  by  long  boil- 
ing with  water,  ammonia  being  expelled  and  the  liquid  rendered 
acid. 

Ammonium  Carbonates. — There  are  three  definite  carbonates 
of  ammonia,  the  composition  of  which  is  as  follows : — 

Normal  or  diammonic  carbonate,  ^NH^VoCO^HjO 

Acid  or  ammonio-hydric  carbonate,         (NHJHCOj 

(1.)  The  normal  carbonate  is  prepared  by  addition  of  ammonia  to 
one  of  the  acid  salts,  or  of  water  to  the  carbamate  of  ammonia, 
CONjH-  (p.  362),  with  certain  special  precautions,  the  description 
of  wnich  IS  too  long  for  insertion  in  this  work,  to  prevent  the 
escape  of  a  portion  of  the  ammonia.  It  crystallises  in  elongated 
plates  or  flattened  prisms,  having  a  caustic  taste,  a  poweri'ul 
ammoniacal  odour,  and  easily  giving  off  ammonia  and  water,  where- 
by they  are  converted  into  the  acid  carbonate  : 

(NH4)jC08.H20  =  NH3  +  HjjO  +  (NHJHCOs. 

(2.)  Ammonium  and  Hydrogen  Carbonate,  or  Mono-ammonie 
Carbonate,    (NHJHCOa,  commonly  called   Bicarbonate^  or  Acwi 


v<Tl».'(l  into  iii()iu)-aiiini<inir  ciulMUiiite.  '^I'his  s; 
lu'loii-'in''  to  tht'  triiiii'liic  system.  Accon 
(liiiiorphous,  l)Ut  never  isomorpliouH  with  iiio; 
when  exposed  to  the  air,  it  volatilises  slowlv 
ammoniacal  odour.  It  dissolves  in  8  parts  of  cc 
decomposing  gradually  at  ordinary  tempera 
heated  above  30°,  with  evolution  of  ammonia 
alcohol,  but  when  exposed  to  the  air,  under  a 
normal  carbonate,  evolving  carbon  dioxide. 

It  has  been  foimd  native  in  considerable  quai 
guAno  on  the  western  coast  of  Patagonia,  in  wh 
naving  a  strong  ammoniacal  odour. 

Q.)  Tetrammonio-dihydric  CArboncUe,  N4HigC3 
— Tdib  salt,  also  called  half-acid  carbonate  < 
a/nvnumia,  contains  the  elements  of  1  molecule 
molecules  of  mono^ammonic  carbonate,  into 
resolved  by  treatment  with  water  or  alcohol : 

(NH^,H,(C03)3  =  (NHOjCOj  +  2(] 

It  is  obtained  by  dissolving  the  commercial 
aqueous  ammonia,  at  about  30°,  and  crystallisi 
forms  large  transparent  rectangular  prisms,  h{ 
tnmcated  by  octohedral  faces.  These  cryst 
rapidly  in  the  air,  giving  off  water  and  ammoi 
verted  into  mono-ammonic  carbonate. 

Commercial  carbonate  of  ammonia  {sal  volaU 
consists  of  half  acid  carbonate  more  or  less  mix 
It  is  prepared  on  the  large  scale  by  the  dry  d 
hartshorn,  and  other  animal  maiffr   nnrl  ia  1%"^ 
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Ammonium  Sulphides. — Several  of  these  compoundB  exist,  and 
may  be  formed  by  custilling  with  sal-ammoniac  the  corresponding 
sulphides  of  potassium  or  sodium. 

Ammoniti/m  and  Hydrogen  Sulphide^  or  Ammonium  Hydrosulphidey 
(NH)4HS,  is  a  compound  of  great  practical  utility  ;  it  is  obtained 
by  saturating  a  solution  of  ammonia  with  well- washed  sulphuretted 
hydrogen  gas,  imtil  no  more  of  the  latter  is  absorbed.  The  solution 
is  nearly  colourless  at  first,  but  becomes  yellow  after  a  time,  with- 
out, however,  suffering  material  injury,  unless  it  has  been  exposed 
to  the  air.  It  gives  precipitates  with  most  metallic  solutions,  which 
are  very  often  characteristic,  and  is  of  great  service  in  analytical 
chemistry. 

Ammoniacal  salts  are  easily  recognised ;  they  are  all  decomposed 
or  volatilised  at  a  high  temperature  ;  and  when  heated  with  calcium 
hydroxide  or  solution  of  alkaline  carbonate,  they  give  off  ammonia, 
which  may  be  recognised  by  its  odour  and  alkaline  reaction.  The 
salts  are  all  more  or  less  soluble,  the  acid  tartrate  and  the  platino- 
chloride  bein^,  however,  amonc  the  least  soluble:  hence  ammonium 
salts  cannot  be  distinguished  from  potassium  salts  by  the  tests  of 
tartaric  acid  and  platinum  solution.  When  a  solution  containing 
an  ammoniacal  salt,  or  free  ammonia,  b  mixed  with  potash,  and  a 
solution  of  mercuric  iodide  in  potasdum  iodide  is  added,  a  brown 

Srecipitate  or  coloration  is  immediately  produced,  consisting  of 
imercurammonium  iodide,  NHgjI : 

NH3  +  SHglj  =  NHgjI  +  3HI. 

This  is  called  Nessler^s  test ;  it  is  by  feir  the  most  delicate  test  for 
ammonia  that  is  known. 

Amic  Acids  and  Amides, 

Sulphamio  Acid* — ^When  dry  ammonia  gas  is  passed  over  a  thin 
layer  of  sulphuric  oxide,  SO3,  the  gas  is  absorbed,  and  a  white 
crystalline  powder  is  formed,  having  the  composition  NjH^SOj, 
that  is,  of  ammonium  sulphate  minus  one  molecule  of  water  : — 

NjH^Oj  =  (NH^jSO^  -  HjO. 

It  is  not,  however,  a  salt  of  sulphuric  acid  :  for  its  aqueous  solution 
does  not  give  any  precipitate  with  baryta-water  or  soluble  barium 
salts.  It  is,  in  fact,  the  ammonium  salt  of  sulphamic  acid,  an  acid 
derived  from  sulphuric  acid,  SO4H2  or  S02(HO)2,  by  substitution  of 
the  univalent  radicle,  NHj  (p.  263),  for  one  atom  of  hydroxyl,  HO. 
The  formula  of  this  acid  is  SO/NHj)!!,  and  that  of  its  ammonium 
salt,  S03(NH2)NH4,  or  SOgNaH^,.  Ammonium  sulphamate  is  per- 
manent in  the  air,  and  dissolves  without  decomposition  in  water. 
Its  solution  evaporated  in  a  vacuum,  over  oil  of  vitriol,  yields  the 
salt  in  transparent  colourless  crystals. 
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The  BolutioD  of  the  ammoDium  tail,  mixed  with  bfliyta-water, 
uivi-M  nff  ammonia,  and  yields  a  aolution  of  barium  iulyliamaie 
(yO.|>JHj)jBo,  which  may  be  obtained  by  evapuration  in  well -defined 
urvhUds;  and  the  solution  of  this  Bait,  decomposed  with  potassium 
siilplialv,  yields  polattium  wtipAomafe,  SOj(NHj)K. 

Carbamic  Acid. — When  diy  ammonia  gas  is  niixcil  with  carbon 
dioxide,  the  mixture  being  kept  cool,  the  gaaeB  combine  in  the 
proportion  of  2  volumes  of  the  former  to  1  volume  of  the  latter, 
lomiuig  a  pungent,  very  volatile  substance,  which  condenses  in  white 
flocks.  This  substance  has  the  comn)sition  CO,N,H^  that  is,  of 
nonnal  nmjnonium  carbonate,  CO,(NH,)^  mitme  one  molecule  of 
water.  It  exists,  as  already  obBerved,  in  commercial  carbonate  of 
'.     It  was  formerly  called  anhydroun  carboaaU  of 

,  _  _., e  the  preceding  sit,  it  is  not  really  a  carbonate, 

but  the  ammonium  salt  of  carbamic  acid,  COo(NH)jH,  an  add 
derived  from  carbonic  acid,  CO.H,  ot  CO(OH),  by  Bubstitutiou  of 
amidogen,  NB,,  for  1  atom  of  hydroxyl.  Ammonium  carbamate 
disBol  ve*  readily  in  water,  and  quickly  takes  up  one  molecule  of  that 
compound,  whereby  it  is  converted  into  normal  ammonium  carlxtnate. 
Whon  trfiitcd  vilh  mlpburic  oiiide,  it  is  cuuvciW  into  juimuniimii 
sulphamate. 

Carbamide,  CONjH,, — When  ammonia  gas  is  mixed  with  cnrlmn 
oxychloride  or  phosgene  pas,  COClj,  a  white  crystalline  powder  ia 
formed,  having  this  conipositioU : — 

COClj  +  2NHj  =  2HC1  +  CONjH^. 

This  compound,  which  is  likewise  formed  in  other  reactions  to  lie 
afterwards  considere<l,  is  derived  from  carbonic  acid,  CO(OH)p  bv 
substitution  of  2  atoms  of  omidogcn  for  2  atoms  of  hydro\yl.  ft 
differs  fram  carbamic  acid  in  lieing  a  neutral  substance,  not  conliiiiiing 

!._., *ly  replaceable  by  metals. 

:ids  likewise  yield  an  amic  acid  and  a  neutral 
amide  by  substitution  of  1  or  2  atoms  of  amidogcn  for  hydroxvL 
Tribosic  acids  yield  in  like  manner  two  amic  acids  and  one  neutral 
amide,  ond  tetrabaslc  acids  may  yield  three  amic  acids  an<l  a  neutral 
amide;  thus,  from  pyrophosphoric  acid,  PjOtH^^PjOJHO),,  are 
obtained  the  three  amic  acids  P,0,(NHj)Hj,  P,0.(SHj,Hj,  and 
PjO,(XHj)jH. 

JXonobasic  acids,  which  contoin  but  one  atom  of  hydroxyl,  jield 
by  this  mode  of  sulistitntion  only  neutral  amides,  no  amic  acids  : 
thus,  from  acetic  acid,  CoH.O,  =  C,H,0.110,  is  obtained  ucetamide, 
Cai30(NH,). 

The  neutral  amides  may  also  be  regnnled  as  derived  from  one  or 
more  molecides  of  ammonia,  by  substitution  of  univali'nt  or  mul- 
tivalent acid  raiiicles,  for  hydn^en;  thus,  ac«tamide=NH^U,H30); 
carfcamide,  N,H,(CO)',  &c. 
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By  similar  substitatioii  of  metals,  or  basylous  compound  radicles 
for  the  hydrogen  of  ammonia,  basic  compounds,  callea  amines,  are 
formed.  Thus,  when  potassium  is  genuy  heated  in  ammonia  gas, 
monomtassaminey  NHJ^,  is  formed.  It  is  an  olive-green  substance, 
which  is  decomposed  by  water  into  ammonia  and  potassium 
hydroxide  : — 

NHj^  +  HjO  =  NHs  +  KHO. 

It  melts  at  a  little  below  100,  and  when  heated  in  a  close  vessel, 
is  resolved  into  ammonia  and  tri^toMomUne : — 

SNHjK  =  2NH3  +  NKj. 

The  latter  efifervesces  violently  with  water,  pelding  ammonia  and 
potassium  hydroxide ; — 

NKs  +  3Hj|0  =  NH3  +  3KH0. 

The  formation  and  properties  of  amides  and  amines  will  be  further 
considered  under  Oiganic  Chemistry. 

Metallamznoniams. — These  are  hypothetical  radicles  derived 
&om  ammonium,  N^Hg,  by  substitution  of  metals  for  hydrogen.  Salts 
of  such  radicles  are  formed  in  several  ways.  Ammonia  gas  is  absorbed 
by  various  metallic  salts  in  different  proportions,  forming  compoundB, 
some  of  which  may  be  formulated  as  salts  of  metalmmmoniums. 
Thus,  platinum  dichloride,  PtCl^  absorbs  two  molecules  of  ammonia, 
forming  flatomrmnonium  cMoridef  NglLIV.C]^,  and  platinum 
tetrachloride,  Pt^^Ch,  absorbs  four  molecules  of  ammonia,  forming 
platinammonivm  Monde,  N^Hj2Pt''.Cl4.  In  like  manner,  cupric 
chloride  and  sulphate  form  the  chwride  and  mlphaU  ofcupra/mmumtum, 
N8H«Cu".Cla  and  NoHeCu".S04. 

Similar  compounds  are  formed  in  many  cases  by  precipitating 
metallic  salts  with  ammonia  or  ammoniacal  salts  :  thus,  ammonia 
added  to  a  solution  of  mercuric  chloride,  Hepip  forms  a  white 
precipitate,  consisting  of  dim>ercura/mmon%wn  cfuoridey  NfH4Hg^..Clj| ; 
and  by  dropping  solution  of  mercuric  chloride  into  a  boiling  solution 
of  sal-ammoniac  mixed  with  free  ammonia,  crystals  are  obtained, 
consisting  of  mercwrammonium  chloridej  N^gHg^.Cl^  Some  of 
these  compounds  will  be  further  considered  m  connection  with  the 
several  metals. 


III  iniiH'ial  -]iiiir_:-.      'Jin-  iii'»-l  al'iiinliiit  .-ou; 
i-  tlif  iiiiiitial  water  of  \Vln'al  ('litlnrtl   in 
uxist.s  t(j  the  uiiioiiiit  of  61  [)atis  in  a  iiiillii)ii. 

The  metal  is  obtained  by  fusing  pure  lithii 
thick  porcelain  crucible,  and  decomposing  t 
electricity.  It  is  a  white  metal  like  sodium^ 
Lithium  fuses  at  180°  ;  its  specific  gravity  is 
the  lightest  solid  known. 

A  lithium  salt  may  be  obtained  from  petali 
by  the  following  process  :  The  mineral  is  redi 
fine  powder,  mixed  with  five  or  six  times-  its  \ 
carbonate,  and  the  mixture  is  heated  to  whil 
crucible  placed  within  a  well-covered  eartl 
minutes  or  half  an  hour.     The  shrunken  coher 
dilute  hydrochloric  acid,  the  whole  evaporated 
water  added,  and  the  silica  separated  by  a  fil 
then  miled  with  ammonium  carbonate  in  exces> 
the  clear  liquid  is  evaporated  to  dryness,  anc 
platinum  crucible,  to  expel  the  sal-ammoniac 
wetted  with  oil  of  vitriol,  gently  evaporated  oi 
and  i^ted  :  pure  fused  lithium  sulphate  then 

This  process  will  serve  to  give  a  good  idea  o 
of  the  operation  by  which  alkalis  are  extracted 
and  their  quantities  determined. 

Lithiv/m  hydrate,  Li  HO,  is  much  less  solubl 
hydrates  of  potassium  and  sodium  ;  the  carbom 
also  sparingly  soluble  salts.  The  chloride  cryst 
cubes  which  are  deliquescent.  Lithium  sulpha 
salt  J  it  crystallises  in  lengthened  prisms  contai 
water.     It  gives  no  double  salt  witVi  nin^. 
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CAESIUM   AND   BUBIDIUM. 

C8  ==  183.  —  Rb  s  86-4. 

The  two  metals  desigoated  by  these  names  were  discovered  by 
Bunsen  and  Kirchbon  by  means  of  their  spectrum  apparatus 
mentioned  on  page  76  :  the  former  in  1860  and  the  latter  m  1861. 
These  metals,  it  appears,  are  widely  dififused  in  nature,  but  always 
occur  in  very  small  ouantities ;  they  have  been  detected  in  many 
mineral  waters,  as  well  as  in  some  minerals,  namely,  lithia-mica  or 
lepidolite,  and  petalite  ;  latelv  also  in  felspar  ;  they  have  also  been 
found  in  the  alkaline  ashes  of  beetroot  Tnesalt-sprinff  of  Diirkheim, 
which  contains  0*17  part  of  csssium  chloride  in  a  nmlion  parts  of 
water,  was  till  lately  regarded  as  the  richest  source  of  ceesium  ;  but 
from  recent  experiments  by  Colonel  Yorke,*  it  appears  that  the 
hot  spring  of  Wheal  Clifford,  already  mentioned  as  a  source  of 
lithium,  contains  1*71  parts  of  caesium  chloride  in  a  million,  or  0*12 
^ins  in  a  gallon.  The  best  material  for  the  preparation  of  rubidium 
IS  lepidolite,  which  has  been  found  to  contain  as  much  as  0'2  per 
cent,  of  that  metaL  Both  metals  are  closely  analogous  to  potassium 
in  their  deportment,  and  cannot  be  distinguished  from  that  metal 
or  from  one  another,  either  bv  reagents  or  before  the  blow-pipe. 

Rubidium  and  caesium,  like  potassium,  form  double  salts  with 
tetrachloride  of  platinum,  which  are,  however,  much  less  soluble 
than  the  corresponding  potassium  salts  :  it  is  on  this  property  that 
the  separation  of  these  metals  from  potassium  is  based.  The  mixture 
of  platinochlorides  is  repeatedly  extracted  with  boiling  water,  when 
a  (ufiicultly  soluble  resiaue,  consisting  chiefly  of  the  platinochlorides 
of  caesium  and  rubidium,  remains ;  and  these  two  metals  are  finally 
separated  by  converting  them  into  tartrates,  rubidium  tartrate 
requiring  for  solution  eight  times  as  much  water  as  caesium  tar- 
trate, and  therefore  crystallising  out  first  from  the  mixed  solution* 

The  hydroxides  of  these  metals  are  powerful  bases,  which  attract 
carbonic  acid  from  the  air,  passing,  first  into  normal  carbonate,  and 
then  into  acid  carbonate.  Caesium  carbonate  is  soluble  in  absolute 
alcohol ;  rubidium  carbonate  is  nearly  insoluble  in  that  liquid  :  this 
property  is  made  use  of  for  the  separation  of  these  two  metals.  The 
chloride  crystallises  in  cubes,  and  is  somewhat  more  soluble  in  water 
than  chloride  of  potassium. 

Rubidium  chloride,  when  in  a  state  of  fusion,  is  easily  decom- 
posed by  the  electric  current ;  the  metal  produced  rises  to  the  surface 
and  burns  with  a  reddish  light  If  this  experiment  be  performed 
in  an  atmosphere  of  hydro^n,  to  prevent  oxidation,  the  separated 
metal  ia  nevertheless  lost,  dissolving  as  it  does  in  the  fused  chloride, 
which  ia  transformed  into  a  subcmoride  having  the  blue  colour  of 

*  Journal  of  the  Chemical  Society,  1872,  p.  273. 
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GROUP    II. 

SILVER. 

Atomic  weight,  108.    Symbol,  Ag  (. 

Silver  is  found  in  the  metallic  state,  as  si 
sulphide  of  antimony  and  sulphide  of  arsi 
iodide,  and  bromide.  Among  tne  principal 
mentioned  those  of  the  Harlz  mountains  in  G 
in  Norway,  und,  more  particularly,  of  the  Ant 
South  America. 

The  greater  part  of  the  silver  of  commerce 
80  poor  as  to  render  any  process  of  smelting  < 
even  where  fuel  could  be  obtained,  and  this 
procured.     Recouise,  therefore,  is  had  to  anc 
amalgamation — founded  on  the  easy  solubilit; 
other  metals  in  metallic  mercury. 

The  amalgamation  process  adopted  in  €rei 
somewhat  from  that  in  use  in  America — is  ai 
crushed  to  powder,  mixed  with  a  quantity 
roasted  at  a  low  red  heat  in  a  suitable  furnace 
any  sulphide  of  silver  it  may  contain  is  coi 
The  mixture  of  earthy  matter,  oxides  of  iroi 
salts,  silver  chloride,  and  metallic  silver,  is  sifl 
barrels  made  to  revolve  on  axes,  with  a  qnanti 
of  iron,  and  the  wholp  la  nm'fn^^ri  ♦^-.  *i        ' 
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&c.,  whereby  it  is  brought  into  a  pulvemlent  condition,  known  as 
**  flouring,"  and  is  then  liable  to  be  washed  away,  together  with  the 
silver  it  nas  taken  up.  This  inconvenience  may  be  prevented,  as 
suggested  by  Mr.  Crookes,  by  amalgamating  the  mercury  with  1  or 
2  per  cent,  of  sodium,  which,  by  its  superior  affinity  for  sulphur  and 
oxygen,  prevents  the  mercury  irom  becoming  floured. 

A  considerable  Quantity  of  silver  is  obtained  from  ai^ntiferous 
calena ;  in  fact,  almost  every  specimen  of  native  lead  sulphide  is 
found  to  contain  traces  of  this  metal.  When  the  proportion  rises  to 
a  certain  amount,  it  becomes  worth  extracting.  The  ore  is  reduced 
in  the  usual  manner,  the  whole  of  the  silver  remaining  with  the  lead ; 
the  latter  is  then  re-melted  in  a  large  vessel,  and  allowed  to  cool 
slowly  until  solidification  commences.  The  portion  which  first  crys- 
tallises is  nearly  pure  lead,  the  alloy  with  silver  being  morefvisthle 
than  lead  itself:  by  particular  management  this  is  drained  away,  and 
is  found  to  contain  nearly  the  whole  of  the  silver  [Pattinson's  process]. 
This  rich  mass  is  next  exposed  to  a  red  heat  on  the  shdlow  hearth 
of  a  furnace,  while  a  stream  of  air  is  allowed  to  impinge  upon  its 
surface ;  oxidation  takes  place  with  great  rapidity,  tiie  fused  oxide 
or  litharge  being  constantly  swept  &om  the  metal  by  the  blast 
When  the  greater  part  of  the  lead  has  been  thus  removed,  the  residue 
is  transferred  to  a  cupel  or  shallow  dish  made  of  bone-ashes,  and 
again  heated :  the  last  portion  of  the  lead  is  now  oxidised,  and  the 
oxide  sinks  in  a  melted  state  into  the  porous  vessel,  while  the  silver, 
almost  chemically  pure,  and  exhibiting  a  brilliant  surface,  remains 
behind* 

Pure  silver  may  be  easily  obtained.  The  metal  is  dissolved  in 
nitric  acid  :  if  it  contains  copper,  the  solution  will  have  a  blue  tint ; 
gold  will  remain  undissolved  as  a  black  powder.  The  solution  is 
mixed  with  hydrochloric  acid  or  with  common  salt,  and  the  white, 
insoluble,  curdy  precipitate  of  silver  chloride  is  washed  and  dried. 
This  is  then  mixed  with  about  twice  its  weight  of  anhydrous  sodium 
carbonate,  and  the  mixture,  placed  in  an  earthen  crucible,  is  gradually 
raised  to  a  temperature  approaching  whiteness,  during  which  the 
sodium  carbonate  and  the  silver  chloride  react  upon  each  other; 
carbon  dioxide  and  oxygen  escape,  while  metallic  silver  and  silver 
chloride  result :  the  former  melts  into  a  button  at  the  bottom  of  the 
crucible,  and  is  easily  detached.  The  following  is  perhaps  the  most 
simple  method  for  the  reduction  of  silver  chloride.  The  silver-salt 
is  covered  with  water,  to  which  a  few  drops  of  sulphuric  acid  are 
added ;  a  plate  of  zinc  is  then  introduced.  The  silver  chloride  soon 
begins  to  decompose,  and  is,  after  a  short  time,  entirely  converted 
into  metallic  silver  ;  the  silver  thus  obtained  is  grey  and  spongy ; 
it  is  ultimately  purified  by  washing  with  slightly  acidulated  water. 

Pure  silver  has  a  perfect  white  colour  and  a  high  degree  of  lustre : 
it  is  exceedingly  malleable  and  ductile,  and  is  probably  the  best 
conductor  botn  of  heat  and  electricity  known,  its  specific  gravity 
is  10*5.  In  hardness  it  lies  between  gold  and  copper.  It  melts  at 
a  bright  red  heat*    Silver  is  imalterable  by  air  and  moiatuie  \  i& 
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iiiiittiT,  a-  Ljlass,  wliicli  il  >1<uiis  y^-llow  t»r  ( 
(•!"  a  silicatf.      It  i.-  liltlt'  atlarkc'il  l>y  liydi' 
of  vitriol  converts  it  into  sulphate,  with 
oxide  ;  nitric  acid,  even  dilute  and  in  the  ( 
The  tarnishing  of  surfaces  of  silver  expc 
hydrogen  sulphidey  the  metal  having  a  stro: 

Silver  Chlorides. — Two  of  these  compo 
ing  respectively  1  and  2  atoms  of  silver  to 
second,  however,  is  a  very  unstable  compou 

The  Monochloride  or  Argentic   Chi 
invariably  produced  when  a  soluble  silver  « 
are  mixed.     It  falls  as  a  white  curdy  precij 
water  and  nitric  acid  ;  one  part  of  silver  ch. 
parts  of  hydrochloric  acid  wnen  concentratec 
when  diluted  with  double  its  weight  of  \^ 
melts,  and  on  cooling  becomes  a  greyish  cryj 
like  horn  :  it  is  found  native  in  this  conditio: 
silver  of  the  mineralogist.     Silver  chloride  i 
both  in  the  dry  and  in  the  wet  state,  vei 
quickly  if  organic  matter  be  present:  it  is 
Into  water  with  metallic  zinc  or  iron.     It  d 
in  ammonia  and  in  a  solution  of  potassium 
the  proportion  of  chlorine  or  hydrochloric  ; 
always  estimated  by  precipitation  with  silvei 
is  acidulated  with  nitric  acid,  and  an  excess  < 
the  chlorine  is  coUected  on  a  filter,  or  better 
dried,  and  fused  ;  100  parts  correspond  to  24 
of  hydrochloric  acid. 

Argentous  Chloride^  AgiClg,  is  obtainec 
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Silver  Flnoride,  AcF,  is  jproduced  by  dissolviiig  argentic  oxide  or 
carbonate  in  aqueous  nydronuoric  acid,  and  separates  on  evapora- 
tion in  transparent  quadratic  octohedrons,  wbicn  contain  AgF.H^O, 
and  give  oflf  their  water  when  fused.  Their  solution  gives,  with 
hydrochloric  acid,  a  precipitate  of  ai^ntic  chloride.  When  chlorine 
eras  is  passed  over  fused  silver  fluoriae,  silver  chloride  is  formed  and 
fluorine  is  set  free  (p.  203). 

Silver  Iodide,  A^I,  is  a  pale-yellow  insoluble  precipitate,  produced 
by  adding  silver  nitrate  to  potassium  iddide  ;  it  is  insoluble,  or 
nearly  so,  in  ammonia,  and  in  this  respect  forms  an  exception  to  the 
silver-salts  in  general.  Deville  has  obtained  a  crystalline  silver 
iodide  by  the  action  of  concentrated  hydriodic  acid  upon  metallic 
silver,  which  it  dissolves  with  disengagement  of  hydrc^n.  Hydri- 
odic acid  converts  silver  chloride  into  iodide.  The  bromide  of  mlver 
very  closely  resembles  the  chloride. 

Silver  Ozides. — There  are  three  oxides  of  silver,  only  one  of 
which  can,  however,  be  regarded  as  a  well-defined  compound, 
namely : 

The  Monoxide,  or  Argentic  Oxide,  AgoO. — This  oxide  is  a 
powerful  base,  yielding  salts  isomorphous  with  those  of  the  alkali- 
metals.  It  is  Obtained  as  a  pale-brown  precipitate  on  adding  caustic 
potash  to  a  solution  of  silver  nitrate  : 

2AgN03  +  KHO  =  AgjO  +  KNO3  +  HNO3. 

It  is  very  soluble  in  ammonia,  and  is  dissolved  also  to  a  small 
extent  by  pure  water ;  the  solution  is  alkaline.  Recently  precipitated 
silver  chloride,  boiled  with  a  solution  of  caustic  potash  of  specific 
ffravity  1'25,  is  converted,  according  to  Gregory^,  although  with 
difficulty,  into  ai^gentic  oxide,  which  in  this  case  is  black  and  very 
dense.  Argentic  oxide  neutralises  acids  completely,  and  forms,  for 
the  most  part,  colourless  salts.  It  is  decomposed  by  a  red  heat, 
with  evolution  of  oxygen,  spongy  metallic  silver  being  left :  the  sun's 
rays  also  effect  its  decomposition  to  a  small  extent 

Argentous  Oxide,  Ag^O.* — ^When  dry  argentic  citrate  is  heated 
to  100°  in  a  stream  of  hydrogen  gas,  it  loses  oxygen  and  becomes 
dark-brown.  The  product,  dissolved  in  water,  gives  a  dark-coloured 
solution  containini^  free  citric  acid  and  argentous  citrate,  which  when 
mixed  with  potash  yields  a  precipitate  of  argentous  oxide.  This 
oxide  is  a  black  powder,  very  easily  decomposed,  and  soluble  in 
ammonia.  The  solution  of  argentous  citrate  is  rendered  colour- 
less by  heat,  being  resolved  into  argentic  citrate  and  metallic 
silver. 

*  Assuming  that  this  formula  is  correct,  and  that  silver  is  a  monad,  then 
oxygen  must  be  a  tetrad  ;  if,  however,  silver  be  regarded  as  a  dyad  or  triad 

Ag Ag  Ag Ag 

argentous  oxide  may  be  represented  as  |  |    ,  or  as  ||  i|   . 

Ag— 0— Ag  Ag— 0— Ag 
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(lisciiL;";!^'  liifllt  of  liitroLTi'll  ;4as. 

Oxysalts  of  Silver. — The  ?u7m^',  AgN< 
ing  silver  in  nitric  aciji,  and  evaporating  tl 
until  it  is  strong  enough  to  crystallise  on  c 
colourless,  transparent,  anhydrous  tables,  sc 
of  cold  and  in  half  that  quantity  of  boiling 
in  alcohol.     They  fuse  when  heated,  like 
high  temperature  suffer  decomposition :  t 
surgeon  is  silver  nitrate  which  nas  been  m 
cylmdrical  mould,    The  salt  blackens  whei 
particularly  if  organic  matters  of  any  ki] 
frequently  employed  to  communicate  a  da: 
enters  into  the  composition  of  the  "  indelibl 
linen.     The  black  stain  has  been  thought  1 
may  possibly  be  argeatous  oxide.     Pure  sih 
pared  from  the  metal  alloyed  with  copper 
in  nitric  acid,  the  solution  evaporated  to  < 
nitrates  cautiously  heated  to  fusion.     A  sma 
mass  is  removed  from  time  to  time  for  exan 
in  water,  filtered,  and  ammonia  added  to  it 
copper-salt  remains  undecomposed,  the  liquid 
that  no  longer  happens,  the  nitrate  may  be  su 
in  water,  and  filtered  from  the  black  oxide  oi 

Silver  Sulphate,  AgoSO^,  may  be  prepared 
of  vitriol  and  metallic  silver,  or  by  precip 
solution  of  silver  nitrate  with  an  alkaline  su! 
88  parts  of  boiling  water,  and  separates  in 
crystalline  form  on  cooling,  being  but  slig 
temperature.     It  forms  with  annn mn'n   ^   ^y 
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Silver  Carbonate  is  a  white  insoluble  substance  obtained  by  mixing 
solutions  of  silver  nitrate  and  sodium  carbonate.  It  is  blackened 
and  decomposed  by  boiling. 

Silver  Siilx>hide,  Ag^,  is  a  soft^  ^7'  ^^^  somewhat  malleable 
substance,  found  native  m  the  crystallised  state,  and  easily  produced 
by  melting  toother  its  constituents,  or  by  precipitating  a  solution 
of  silver  with  Hydrogen  sulphide.  It  is  a  strong  sulphur-base,  and 
combines  with  the  sulphides  of  antimony  and  arsenic  :  examples  of 
such  compounds  are  found  in  the  beautiml  minerals,  dark  and  lighi- 
red  silver  ore. 

Ammonia  Compound  of  Silver;  BertkoUefs  Fulminating  Silver. 
— This  is  a  black,  explosive  compound  formed  by  digestingprecipitated 
arsentic  oxide  in  ammonia  While  moist,  it  explodes  only  when 
runbed  with  a  hard  body,  but  when  dry  the  touch  of  a  featber  is 
sufficient.  The  ammonia  retains  some  of  this  substance  in  solution, 
aind  deposits  it  in  small  crystals  by  spontaneous  evaporation.  A 
similar  compound  exists  containing  oxide  of  gold. 


Soluble  silver  salts  are  perfectly  characterised  by  the  white  curdy 
precipitate  of  silver  chlonde,  darkening  by  exposure  to  light,  and 
insoluble  in  hot  nitric  acid,  which  is  produced  by  the  addition  of 
any  soluble  chloride.  Lead  and  mercury  are  the  only  metals  wMch 
can  be  confounded  with  silver  in  this  respect ;  but  lead  chloride 
is  soluble  to  a  great  extent  in  boiling  water,  and  is  deposited  in 
brilliant  acicular  crystals  when  the  smution  cools ;  and  mercurous 
chloride  is  instantly  blackened  by  ammonia,  whereas  silver  chloride 
is  dissolved  thereby. 

Solutions  of  silver  are  reduced  to  the  metallic  state  by  iron^  copper^ 
merairy,  and  other  metals.  They  give  with  hydrogen  sulphide  a  blade 
precipitate  of  argentic  sulphide  insoluble  in  ammonium  sulphide ; 
witli  caustic  alkalis,  a  brown  precipitate  of  aigentic  oxide ;  and 
with  alkaline  carlxmates,  a  white  precipitate  of  argentic  carbonate, 
l)oth  precipitates  being  easily  soluble  in  ammonia.  Ordinary  sodium 
phospnate  forms  a  yellow  precipitate  of  argentic  orthophosphate ; 
potassium  chromate  or  bichromate,  a  red  brown  precipitate  of  argentic 
chromate. 


The  economical  uses  of  silver  are  many :  it  is  admirably  adapted 
for  culinary  and  other  similar  purposes,  not  being  attacked  in  the 
slightest  degree  by  any  of  the  substances  used  for  food.  It  is 
necessary,  however,  in  these  cases,  to  diminish  the  softness  of  the 
metal  by  a  small  addition  of  copper.  The  standard  silver  of  England 
contains  222  parts  of  silver  ana  18  parts  of  copper. 
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Atomic  veigbt,  1S7.    Sjmbal,  Aa  (Aamn.  > 

Gold,  in  staall  qnanttties,  ia  a  very  widelj  diffiui^  metal ;  tnecs  of 
it  art  constaiitl;  fcvnd  in  the  ircm  pTrites  of  the  more  ancient  mcks. 
It  h  idwaya  met  with  in  the  metallic  stAte,  sometiiues  luautifiilty' 
riystalliatil  in  the  cubic  fona,  a»«x:jal«d  with  ouartz,  iron  oiiile, 
and  otlicr  mbetonces  in  regular  mineial  Teins.  The  santU  of  vanotu 
rivers  have  long  fumiebed  gold  derived  from  this  muree,  and  ^par- 
•Lk  liy  a  riiuple  proftsa  of  washing  ;  such  is  the  gM-duet  of 
commerce.  When  a  veinnlone  is  wrought  for  gold,  it  i*  etampeal  to 
powiler,  and  HbaltCD  in  a  nuitable  apparatus  with  water  and  merctur  ; 
&n  amalgam  is  thus  formed,  which  is  a^rwards  sepxtated  Croiu  tJie 
mixture  and  decompoeed  b;  distillation.  Foimerij,  the  chief  supply 
of  gold  was  obtained  bom  the  mines  of  Bran],  Hungary,  and  the 
Um  mountains  ;  but  Csliforniei  and  Australia  now  yield  by  &r  the 
large«li|uantity.  The  new  gold-field  of  British  Columbia  is  also  very 
prorluctive. 

Native  gold  is  almost  always  alloyed  with  silver.  The  purest 
ipecimcns  have  been  obtained  from  Schabrowski,  near  Katharinen- 
burg,  in  the  Ural.  A  specimen  analvsed  lij  Guslav  Bose  was  found 
to  contain  9fl96  per  cent,  of  gold.  'The  Califomian  gold  averages 
from  87-5  to  Hb-5  per  cent ,  and  the  Australian  from  96  to  96-(i 
—  cent.  In  some  specimens  of  native  gold,  as  in  that  from 
irownlti  in  the  Altai  monnlaina,  tlie  ptrcentage  of  gold  is  as  low 
AS  6(1  per  cent,  the  remainder  being  silver. 

Pure  cold  is  obtained  from  its  afloys  by  solution  in  nitromuriatic 
' '       d  preuipitati'd  with  a  ferrous  isalt,  wbii '        '  ''         " 

.self  converted  into  a  ferric  salt,  thus  : 


g: 


acid,  and  preuipitati'd  with  a  ferrous  isalt,  which  reduces  the  gold, 
and  in  itself  converted  into  a  ferric  salt,  thus  : 

6FeS0j   +   SAuCla  =   2Fej(SO03   +   Fe^Clj   +   Au,. 

The  gold  falls  as  a  lirown  powder,  which  acquires  the  metallic 
lufltre  by  friction, 

Gold  is  a  soft  nielAl,  having  a  beautiful  yellow  colour.  It  sur- 
passes all  otiier  nietals  in  malleability,  tlie  thiimesl  gold  leaf  not 
ejtceedint'.it  issaid,  TTnj.^nniofau  inch  m  thickness,  whfle  the  gilding 
OD  the  silver  wire  \wed  in  the  manufacture  olgoW-latt  is  stUl  thinner. 
It  may  also  be  drawn  into  very  fine  wire.  Gold  has  a  density  of 
19*5  :  it  melts  at  a  tenipcrature  a  little  above  the  fusing  point  of 
silver.  Neither  air  nor  water  affects  it  in  the  least  at  any  tempeia- 
ture  ;  the  onlinary  acids  fail  to  attack  it  singly.  A  mixture  of 
nitric  and  hydrochloric  acid  dissolves  gold,  however,  with  ease,  the 
active  agent  being  the  lil)erated  chlorine. 

Gold  forms  two  series  of  compounds  :  the  aurous  compounds, 
in  which  it  is  univalent,  as  AuCl,  Au^O,  &c.,  and  the  auric  com- 
pounds, ill  which  it  is  trivtAetit,,  aa  AuCl^,  Au^O^  &c. 
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Ohlorides. — The  monochlorids  or  Auwus  Moridej  AuCl,  is  pro- 
duced when  the  trichloride  is  evaporated  to  dryness,  and  exposed 
to  a  heat  of  227°  until  chlorine  ceases  to  be  exhaled.  It  forms  a 
yellowish-white  mass,  insoluble  in  water.  In  contact  with  that 
liquid  it  is  decomposed  slowly  in  the  cold,  and  rapidly  by  the  aid  of 
heat,  into  metallic  gold  and  trichloride. 

The  trichloride  or  Auric  chloride,  AuClj,  is  the  most  important  com- 
pound of  ^Id :  it  is  always  produced  when  gold  is  dissolved  into 
nitro-muriatic  acid.  The  deep  yellow  solution  thus  obtained  vields. 
by  evaporation,  yellow  crystals  of  the  double  chloride  of  gold  and 
hydrogen  ;  when  this  is  cautiously  heated,  hydrochloric  acid  is  ex- 
pelled, and  the  residue,  on  cooling,  solidifies  to  a  red  crystalline 
mass  of  auric  chloride,  very  deliquescent,  and  soluble  in  water, 
alcohol,  and  ether.  Auric  chloride  combines  with  a  number  of 
metallic  chlorides,  forming  a  series  of  double  salts,  called  chloro- 
aurates,  of  which  the  general  formula  in  the  anhydrous  state  is 
MCLAuClj,  M  representing  an  atom  of  a  monad  metal.  These 
compounds  are  mostly  yellow  when  in  crvstals,  and  red  when  de- 
prived of  water.  The  ammonium  salt,  Nll4CLAuCl8.BLO,  crystal- 
lises in  transparent  needles  ;  the  sodium  salt,  NaCl.AuCJl3.2H2O,  in 
long  four-sided  prisms.  Auric  chloride  likewise  forms  crystalline 
double  salts  with  the  hydrochlorides  of  many  organic  bases. 

A  mixture  of  auric  chloride  with  excess  of  acid  potassium  or 
sodium  carbonate  is  used  for  ^ding  small  ornamental  articles  of 
copper  :  these  are  cleaned  by  ailute  nitric  acid,  and  then  boiled  in 
the  mixture  for  some  time,  by  which  means  they  acquire  a  thin  but 
perfect  coating  of  reduced  gold. 

Oxides. — The  monoxide,  or  Aurovs  oxide,  is  produced  when  caustic 
potash  in  solution  is  poure<l  upon  the  monochloride.  It  is  a  green 
powder,  partly  soluble  in  the  alkaline  liquid ;  the  solution  rapidly 
decomposes  into  metallic  gold,  which  subsides,  and  auric  oxide, 
which  remains  dissblved. 

Trioxide  or  Auric  oxide,  Au^Oj. — When  magnesia  is  added  to  auric 
chloride,  and  the  sparingly  soluble  aurate  of  magnesium  well  washed 
and  digested  with  nitric  acid,  auric  oxide  is  left  as  an  insoluble  reddish- 
yellow  powder,  which  when  dry  becomes  chestnut-brown.  It  is 
ejisily  reduced  by  heat,  and  by  mere  exposure  to  light ;  it 
is  insoluble  in  oxygen-acids,  with  the  exception  of  strong  nitric 
acid,  insoluble  in  hydrofluoric  acid,  easily  dissolved  by  hydro- 
chloric and  hydrobromic  acids.  Alkalis  dissolve  it  fireely  ;  indeed, 
the  acid  properties  of  this  substance  are  very  strongly  marked  ;  it 
partially  uecomposes  a  solution  of  potassium  'chloride  when  boiled 
with  that  liquid,  potassium  hydroxide  being  produced.  When  diges- 
ted with  ammonia,  it  yields  fulminating  goB, consisting,  according  to 
Berzelius,  of  Au2O3.4NH3.H2O. 

The  compiunds  of  auric  oxide  with  alkalis  are  called  aurates. 
The  potamum  salt,  KjO-AujO^.eHjO  or  KAuOj-SHgO,  is  a  crystal- 
line salt,  the  solution  of  which  is  sometimea  used  as  a  bath  for  eleic^ts^^ 
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polnMium  oMrBnilpbite,  2(KAuOj.4KHSOj).£,u,  ,r  v,c[..™.=i.  .. 
yellnw  needle*  wheii  potaMtum  sulphit*  is  adiled,  drop  by  drop,  t> 
an  alkuHne  solatjon  of  potueaiuiu  aurate. 

OtJd  BhowB  but  little  tandent'T  to  forni  oj^f^n-salW.  Auric  oxide 
dissolves  in  ettimg  nitric  acid,  Dut  the  wlution  in  decomposed  by 
evaportitioD  orililutioii.  A  todia-aurmui  thionutphtiU,  Na3Au(SjO^^. 
SUjO,  b  piepored  by  mixinc  the  concentmted  HolutionR  of  aunc 
chloride  and  nodiiim  thiosulphat4i,  and  precipitating  with  alcohol. 
It  is  vury  lolable  in  water,  nnd  cryBtaUises  in  colourless  neeiUee.  Its 
golation  is  used  for  tiling  dsgnerreotype  pictures.  With  barium 
chloridp,  it  yjelda  agelatinons  precipitate  of  iarto-aiurotM(Aio»fJpAale, 
Ea,Au,(S,tVj. 

SulphidM. — Avroiu  Kihkifk,  AujB,  in  foi-nied  as  a  dark-lirown, 
alnir>nt  black  pmdpitat«  wnen  hyilni|^n  sulphide  h  pamwi  iiito  a 
boilirij;  solution  of  auric  chloride.  It  forms  sulphur-salts  with  the 
monll^^ulphide8  of 'potaaaiuni  and  sodium.  Atiirie  snljAidt,  Ar  " 
'  "n  yellow  floi ' 


flocks  whm  hydro)Ten  sulphide  is  paHBcd  into 

lute  soliiriiin  of  auric  chl(irid<?.     Both  thc.ii'  sulphides  dissolve 
sulphide. 

The  presence  of  (,"1111  in  solutiiiu  may  be  detected  by  the  brown 
precipitiite  with  ferrous  sulphate,  fusible  before  the  lilowpipe  to  a 
bead  of  metallic  gold  ;  also  by  the  browiiish  purple  preciiiitiit<',  called 
"  Purple  of  Cassius,"  formed  when  stantiotis  chloride  is  oiUleil  to 
dilute  gold  solutirma.  The  comporftion  of  this  jirecipitate  is  not 
exactly  known,  but  after  ignition  it  doubtless  consists  of  a  nii.\ture 
of  stannic  oiide  and  metallic  gold.*    It  is  used  in  enamel  painting. 

Oralic  acid  slowly  rciluces  gold  to  the  metallic  state  :  to  ensure 
Coni]ilele  preciptatiou,  the  ^Id-snlution  must  be  digested  with  it 
for  21  hours.  For  the  quantitative  analysis  of  a  solution  containing- 
gold  and  other  metals,  oxalic  add  is  in  most  eases  a  more  convenient 
precipitant  than  ferrous  sulphate  ;  inasmuch  as,  if  the  quantities  rd' 
the  otlu-r  metnls  are  alao  to  1«  rleterniined,  the  presence  of  a  Inrj;i' 
quantity  of  iron  salt  may  complicate  the  analysis  consideTably. 

Gold  intended  for  coin,  and  most  other  purposes,  is  always  alloveil 
with  n  certain  proportion  of  silver  or  copper,  to  increase  its  haril- 
ness  and  dumbility:  the  Arst-named  niebil  confers  a  pale  greenit^h 
colour.  EnsjIishstnndurdgoldconlainB^of  al1oy,nowalwayscoi>)>er. 
Giilil  when  alloyed  ■with  copjier  may  be  estimated  bv  fusion  in 
a  cupel  with  leaH,  in  the  same  way  as  silver  (n.  3fi7).  tf  the  alloy 
he  free  from  silver,  the  weight  of  the  globule  of  gold  left  in  the 
cupel  will,  after  repeated  fusions,  accurately  represent  the  quantily 
of  gold  which  is  present  in  the  alloy.    But  if  the  aHoy  c 

'Oraham'n  Elements  of  Cti»nv!.U>j,&d  edit.  toI.  ii.  p.  353. 
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silver,  that  metal  remains  with  the  gold  after  cnpellation.  In  this 
case  the  original  alloy,  consisting  of  gold,  silver,  and  copper,  is  fused 
in  the  muffle,  together  with  lead  and  silver ;  the  alloy  of  gold  and 
silver  remaining  after  cupellation  is  then  boiled  with  nitric  acid, 
which  dissolves  the  silver,  the  gold  being  left  behind.  By  treatment 
of  the  ^llov  of  gold  and  silver  with  nitric  acid,  an  accurate  separation 
is  obtained  only  when  the  two  metals  are  present  in  certain  propor- 
tions. If  the  alloy  contains  but  little  silver,  that  metal  is  protected 
from  the  action  of  the  nitric  acid  by  the  gold ;  again,  if  it  contains 
too  much  silver,  the  gold  is  left  as  a  powder  when  the  silver  is 
dissolved  out.  Experience  has  shown  that  the  most  favourable 
proportions  are  i  gold  to  |  silver ;  the  gold  is  then  left  pure,  retain- 
ing the  original  shape  oi  the  alloy,  and  can  be  easily  dried  and 
weighed.  The  quantity  of  silver  which  is  added  to  the  alloy  must 
therefore  vary  with  the  amount  of  gold  which  it  contains. 

Gold-leaf  is  made  by  rolling  out  plates  of  pure  gold  as  thin  as 
possible,  and  then  beating  them  between  folds  of  membrane  with  a 
neavy  hammer,  until  the  requisite  degree  of  tenuity  has  l)een 
reached.  The  leaf  is  made  to  adhere  to  wood,  &c.,  by  size  or 
varnish. 

Gilding  on  copper  has  very  generally  been  performed  by  dipping 
the  articles  into  a  solution  oi  mercury  nitrate,  and  then  shaking 
them  with  a  small  lump  of  a  soft  amalgam  of  gold  with  that  meta^ 
which  thus  becomes  spread  over  their  surfaces  :  the  articles  are 
subsequently  heated  to  expel  the  mercury,  and  then  burnished. 
Gilding  on  steel  is  done  either  by  applying  a  solution  of  auric 
chloride  in  ether,  or  by  roughening  the  surjface  of  the  metal,  heating 
it,  and  appljdng  gold-leaf  with  the  burnisher.  Gilding  by  elec- 
trolysis— an  elegant  and  simple  method,  now  rapidly  superseding 
many  of  the  others — has  already  been  noticed  (p.  299).  The  solution 
usually  employed  is  obtained  by  dissolving  oxide  or  cyanide  of 
gold  in  a  solution  of  potassium  cyanide. 
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BABZUBL' 

Atomic  weight,  137.    STmboI,  Ba. 

This  metal  occiirs  abundnntly  sa  sulpbate  and  carbonate,  forming 
thi'  ve-inetoTU  in  xamiy  lead  mines.  Davy  obtained  it  in  tin:  metallic 
state  liy  means  Biniflar  tfi  those  deacribed  in  tlie  case  of  lithimn. 
Bmifen  Bubjecta  barium  chloride  mixed  io  a  poate  with  water  and  a 
little  hydrochloric  acid,  at  a  temperHture  of  100°,  to  tlie  action  of  the 
electric  coimit,  tisiii^  an  amalgftmated  platinum  wire  oe  Uie 
negative  pole.  In  this  manner  the  metal  i»  obtiuned  as  a  solid, 
highly  crynlnlline  aiiialgaiii,  ■nhiib,  whun  Ijuiilfiil  in  u  .■itri.Miii  <'f 
hydrogen,  yielda  barium  in  the  fonii  of  a  tumetied  iiia&s,  taniitsbed 
on  the  surioue,  but  often  exhibiting  a  silver-white  lustre  iu  the 
cavities.  Buriumniay  also  be  obtained,  though  impure,  by  passing 
vapour  of  potassium  over  the  red-hot  cliloride  or  oxide  of  barium. 

ji  Chloride,  BaCVaHjO,— This  valuable  salt  is  prepared 

by  diasolving  the  native  carbonate  in  hydruthloric  acid,  filtering 
the  solution,  and  evaporating  until  a  pellicle  iM^gins  to  form  at  the 
surface  ;  tlie  solution  on  cooling  deposits  cryijtals.  When  native 
carljonate  cannot  be  procured,  the  native  sulphate  may  beiiniployed 
in  the  following  manner : — llie  Bulnhate  is  reduced  to  tine  ]H)wder, 
and  inliniately  inixeil  with  one-thinl  ol  its  weight  of  powdered  coal ; 
the  mixture  is  pressed  into  an  earthen  crucible  to  wliich  u  cover  is 
fitted,  and  i-xposed  lor  an  hour  or  more  to  a  high  red  heat,  by  which 
the  sulphate  is  converted  into  sulphide  at  the  exjieiiae  of  the 
combiiiitible  matter  of  the  coal ;  tlie  black  mafs  thus  obtained  is 
]iowdered  and  boiled  in  water,  by  which  tlie  sulphide  is  dissolved  ; 
and  the  solution,  filtered  hot,  is  nkixed  with  a  slight  excels  of 
hydrochloric  acid.  Barium  chloride  and  hydrogen  sulphide  are  then 
produced,  the  latter  escaping  with  elfervescence.  Lastly,  thesolulion 
IS  filtered  to  separate  any  little  insoluble  wattvr,  and  evapumted  to 
the  crystallising  point. 

The  crystals  of  barium  chloride  are  flat  fonr-sided  tables,  colour- 
less and  ti-ansparent.    They  contain  two  molecules  of  water,  easily 

it  ai^cific  gr  vity  of  the  natiif 
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driven  off  by  heat.  100  parts  of  water  dissolve  43*5  parts  at  15*6°, 
and  78  parts  at  104*5°,  which  is  the  boiling-point  of  the  saturated 
solution. 

Barium  Oxides. — The  Monoxide  or  Baryta,  BaO,  is  best  prepared 
by  decomposing  the  crystallised  nitrate  by  heat  in  a  capacious 
porcelain  crucible  until  red  vapours  are  no  longer  disengaged:  the 
nitric  acid  is  then  resolved  into  nitrous  acid  and  oxygen,  and  the 
baryta  remains  behind  in  the  form  of  a  greyish  spongy  mass,  fusible 
at  a  high  degree  of  heat.  When  moistened  with  water  it  combines 
into  a  hydrate,  with  great  elevation  of  temperature.  The  Hydroxide 
or  Hydrate,  BaHjOj^BaO.HjO,  is  preparea  on  the  large  scale  hj  de- 
composing a  hot  concentrated  solution  of  barium  chloride  with  a 
solution  of  caustic  soda ;  on  cooling,  crystals  of  barium  hydrate  are 
deposited,  which  may  be  purified  by  re-crystallisation.  In  the  labora- 
tory barium  hydrate  is  often  prepared  by  boiling  a  strong  solution  of 
the  sulphide  with  small  successive  portions  of  black  oxide  of  copper 
until  ^  drop  of  the  liquid  ceases  to  form  a  black  precipitate  with  lead 
salts  :  the  filtered  liquid  on  cooling  yields  cnrstals  of  the  hydrate. 
The  crystals  of  barium  hydrate  contain  BaHoOj-S  aq.  ;*  they  fuse 
easiljr,  and  lose  their  water  of  crystallisation  when  strongly  heated, 
leaving  the  hydrate,  BaHjO^,  in  the  form  of  a  white,  soft  powder, 
having  a  great  attraction  for  carbonic  acid,  and  soluble  in  20  parts 
of  cold  and  2  parts  of  boiling  water.  The  solution  is  a  valuable 
reagent :  it  is  highly  alkaline  to  test-paper,  and  instantly  rendered 
turbid  by  the  smallest  trace  of  carbonic  acid. 

The  Dioxide,  BaOj,  may  be  formed,  as  already  mentioned,  by 
exposing  baryta,  heated  to  full  redness  in  a  porcelain  tube,  to  a 
current  of  pure  oxygen  gas.  It  is  grey,  and  forms  with  water  a 
white  hydrate,  which  is  not  decomposed  by  that  liquid  in  the  cold, 
but  dissolves  in  small  quantity.  Barium  hydrate,  when  heated  to 
redness  in  a  current  ofdry  atmospheric  air,  loses  its  water,  and  is 
converted,  by  absorption  of  oxygen,  into  barium  dioxide,  from 
which  the  second  atom  of  oxygen  may  be  expelled  at  a  higher 
temperature.  Boussingault  has  proposed  to  utinse  these  reactions 
for  me  preparation  of  oxygen  upon  a  large  scale.  The  dioxide  may 
also  be  made  by  heating  pure  baryta  to  redness  in  a  platinum 
crucible,  and  then  graduaUy  adding  an  equal  weight  of  potassium 
chlorate,  whereby  barium  dioxide  and  potassium  chloride  are 
produced.  The  latter  may  be  extracted  by  cold  water,  and  the 
dioxide  left  in  the  state  of  hydrate.  It  is  used  for  the  preparation 
of  hydrogen  dioxide  (p.  145).  When  dissolved  in  dilute  acid,  it  is 
decomposed  by  potassium  bichromate,  and  by  the  oxide,  chloride, 
sulphate,  and  carbonate  of  silver. 

Ozysalts  of  Barium. — ^The  Nitrate,  "R^Q^O^^  is  prepared  by 
methods  exactly  similar  to  those  adopted  for  preparing  the  chloride, 

*  The  symbol,  aq.  (abbreviation  of  aqua)  is  often  nsed  to  denote  water  of 
crystallisation. 
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nitric  acid  being  Bnbatituted  for  hydrochloric.  It  cryefalliBes  J*ll 
traiiB]iflr«nt  colourless  octohedrons,  which  are  anhydrous.  Th^  f 
require  for  Boludou  8  parts  of  cold  aud  3  parts  of  boiling  wate&  ] 
Tliix  M]t  iemuahleagHomblein  dilute  nitricacid  than  in  pure  wat«t:  I 
erri^rs  i^oTui-timeB  arise  from  duch  a  precipitate  of  crystalline  bariunt  I 
nilTiitJ'  bning  mistaken  for  sulphate.  It  disappears  on  heatiug,  ~~ 
by  lariat'  [itfiision  of  water. 

Thi!  Nnlphatt,  BiiSO„  in  found  nati™  as  heatrg  gpar  or  ban/tet,    I 
often   Ijt.iutifuUy   cryHtallised  :   ita   specific  Kravity  is  oa   higb   It  « 
4-4  to  4*8.    This  compoumi  ta  always  prodnced  when  sulphurte  J 
acid  or  a  soluble  sulphate  te  mixed  with  a.  solation  of  a  barium  I 
wit.     It   ia   not   sensibly    soluble   in    water   nr  in    dilute    ocida :- 1 
eren   iu   nitric  acid,  it  is  almost  insoluble  :  hot   oil  of  vitridX  | 
dissrilvi's  a  little,  but  the  greater  part  sepanttea  aeain  on  coolinff' 
Boriuni  Hulphate  is  now  produced  ardficiallT  on  a  large  scale,  ai^ 
is  used  an  a  substitule  for  white-lead  in  the  manufacture  of  oal*  J 
paint.''.    The  sulphate  to  be  used  for  this  purpose  is  precipitate 
from  viTV  dilute  solutiona :  it  is  known  in  conunerce  as  Uonc  Ji ' 
Powilered  nativii  barium  sulphate,  being  ralher  cryBtalline,  ha*  in 
suffirjient   body.     For  tlie  prnduction  of  sulphate,  the  chloride   i 
barium  in  tirnt  prepared,  wliicli  is  difs^JveJ  in  a  large  ijUiinlitj  of 
water,  and  then  pm:iiiitated  by  dilute  sulphuric  arid. 

The  Varhoualt,  BaCOj,  is  found  native  as  vnllierile,  and  may  be 
fomieil  artificially  by  precipitating  tin;  chloride  or  nitTHte  with  an 
alkaline  carbonate,  or  carlHinate  of  auinionio.  It  Ir  a  heavy,  white 
powder,  very  Bprttin({ly  fohilile  in  water,  and  chiuHy  useful  in  the 
prbimnition  of  other  barium  salts. 

Barium  Sulphidu.— The  Mnnmdphide,  BuS,  is  obtaineil  in  the 
manner  aln-ady  dcBoribeil  {p.  376)  ;  the  higher  sulphides  may  l>e 
foTind  by  bulling  it  with  siilplmr.  Barium  monosulphide  crystal- 
lises from  a  hot  solution  in  thin,  nearly  colourless  plates,  which 
contain  water,  and  are  not  very  soluble  r  they  are  mpiiuy  alten-il  by 
the  air.  A  strong  solution  of  thin  sulpliide  may  be  cmjiloyi'd,  as 
already  dei^tribeil,  in  the  pre]mriitioii  ol  liariuni  hydrate. 

Solutions  of  barium  hydrate,  nitrate,  and  chloride,  are  constantly 
kept  in  the  laboratory  a»  cheniicol  tests,  the  first  l)ring  employed  to 
effect  the  separation  of  carbonic  acid  from  certain  ga»«ous  niixturrs. 
and  the  two  latter  to  precipitate  sulphuric  acid  from  solution. 

Soluble  barium  salts  arc  jioiiwnous,  whieh  is  not  the  case  with 
tlioae  of  [Strontium.     For  their  reactions,  see  page  3tJ7. 
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Atomic  weight,  87*6.    Symbol,  Sr. 

The  metal  strontium  may  be  obtained  from  its  oxide  by  means 
similar  to  those  describea  in  the  case  of  barium:  it  is  usually 
described  as  a  white  metal,  heavy,  oxidL«able  in  the  air,  and  capable 
of  decomposing  water  at  common  temperatures.  Matthiessen  states, 
however,  that  it  has  a  dark-yellow  colour,  and  specific  gravity  2*64. 
He  prepares  it  by  filling  a  small  crucible  having  a  porous  cell  with 
anhydrous  strontium  chloride  mixed  with  some  ammonium  chloride, 
so  that  the  level  of  the  fused  chloride  in  the  cell  is  much  higher 
than  in  the  crucible.  The  negative  pole  placed  in  the  cell  consists 
of  a  very  fine  iron  wire.  The  positive  pole  is  an  iron  cylinder  placed 
in  the  crucible  round  the  cell.  The  heat  is  regulated  so  that  a  crust 
forms  in  the  cell,  and  the  metal  collects  under  this  crust 

Strontium  Monoxide^  or  Strontia,  SrO,  is  best  prepared  by  decom- 
posing the  nitrate  with  aid  of  heat :  it  resembles  baryta  in  almost 
every  particular,  forming,  like  that  substance,  a  white  hydrate,  soluble 
in  water.  A  hot  saturated  solution  deposits  crystals  on  cooling, 
which  contain  SrH202.8  aq.  :  heated  to  dull  redness  they  lose  the 
whole  of  their  water,  anhydrous  strontia  being  left.  The  hydrate 
has  a  great  attraction  for  carbonic  acid.  The  Dioxide,  SrOj,  is  pre- 
pared in  the  same  manner  as  barium  dioxide :  it  may  be  substituted 
for  the  latter  in  making  hydrogen  dioxide. 

The  native  carbonate  and  sulphate  of  strontium  serve  for  the 
preparation  of  the  various  salts  by  means  exactly  similar  to  those 
already  described  in  the  case  of  barium  salts  :  they  have  a  very 
feeble  degree  of  solubility  in  water. 

Strontium  Chloride,  SrCL,  crystallises  in  colourless  needles  or 
prisms,  which  are  slightly  deliquescent,  and  soluble  in  2  parts  of  cold 
and  a  still  smaller  quantity  of  boiling  water :  they  are  also  soluble 
in  alcohol,  and  the  solution,  when  kindled,  bums  with  a  crimson 
flame.  The  crystals  contain  6  molecules  of  water,  which  they  lose 
by  heat :  at  a  higher  temperature  the  chloride  fuses. 

Strontium  Nitrate,  St^NO^^  crystallises  in  anhydrous  octohedrons, 
which  require  for  solution  6  parts  of  cold  and  about  half  their  weight 
of  boiling  water.  It  is  principally  of  value  to  the  pyrotechnist, 
who  employs  it  in  the  composition  of  the  well-known  "  red  fire."* 

The  spectral  phenomena  exhibited  by  strontium  compounds  are 
mentioned  on  page  77. 


*  Red  Firb: 

Dry  strontium  nitrate. 
Sulphur, 

Potassium  chlorate, 
Lampblack, 


Grains.  Oreen  Fire!  Grains. 

800  Dry  barium  nitrate,        .        450 

225  Sulphur,          ...        150 

200  Potassium  chlorate,         .        100 

50  Lampblack,     ...         25 

must  be 
finely  powdered  and  intimately' mixed,  after  which  the  pota«aium.  chl<»«^ 


The  strontium  or  barium-salt,  the  sulphur,  and  the  lampblack 
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0AL0Z1TK. 
Atomic  weig^it,  40.     STinboI,  Ca. 

CALCiru  is  one  of  the  most  abundant  and  iridelj  difTiiBed  of  tirir' 
uii.-taU,  though  it  is  never  found  in  the  free  state.    As  carbonate,  it 
»{!CUi'H  ill  a  great  Toriety  of  forma,  couatituting,  an  limestone,  entan 
mountain  rangeg.     Calcium  waa  obtained   in  an  impure  state  hj 
Davy,  by  meous  similar  to  those  adopted  for  thu   pKparation  of 
ImriiiTii.     Matthiesaen  prepares  the  pure  metal  by  fusing  a  mixtUK 
of  two  molecules  of  cakium  chloride  and  one  of  strontiiiiq  chloride 
with  Slime  chloride  of  ammonium  in  a  aniall  poreulain  crucible,  in- 
which  an  iron  cylinder  ie  placed  ae  positive  pole,  and  a  JloinI(^d  inxi  ■ 
wini  or  Ik  little  rod  of  carbon  ci>nuect<d  nitb  the  zinc  of  the  batteiy  1 
is  mado  to  touch  the  suriace  of  the  liquid.     The  reduced  metal  fuaoi'  1 
anddropa  off  f>onithepointoftbe  iron  wire,  and  the  bead  is  removed    ' 
from  the  liquid  by  a  Bmoll  iron  spatula.    Li^fiodart  and  Qoloii 
prepare  caMiun  by  ignitiliR  the  iodjde  with  an  eqnivaleDt  qtuntity 
of  sodium  in  an  iron  cmcible  buying  its  lid  screwi^  down. 

Calcium  is  a  liglit  yi^llow  melnl  of  tp.  gr  1%'>778.  ll  in  alMiut  !l& 
hard  a»  gold,  very  ductile,  and  may  be  cut,  filed,  or  hammered  out 
into  plates  as  thin  an  the  linest  paper.  It  tarnishes  slowly  in  drv, 
more  quickly  in  damp  air,  decomposes  water  quickly,  and  is  sttll 
more  rapidly  acteil  ujion  by  dilute  acids.  Heated  on  platinum  foil 
overa  spirit-liiiop,  it  burns  with  a  bright  flash  ;  with  a  brilliant  light 
also  n'hen  heated  in  oxygen  or  chlorine  gas,  or  in  vapour  of  bromine, 
iodine,  or  suljihur. 

Calcium  Chloride,  CaClj,  is  usually  prepared  bydis.=olring  marble 
in  hydrochloric  acid  ;  it  is  also  a  bye-product  in  sevei'al  cheniic-al 
manufactures.  The  salt  i^parates  fnim  a  strong  solution  in  colour- 
lesH,  [mjimatic,  and  exceedincly  deliijueHcent  crystals,  which  contain 
6  molecules  of  water.  By  heat  thjs  water  is  expelled,  and  by  a 
tem])erature  of  strong  ignition  the  salt  is  fused,  "nie  crystals 
reduced  to  powder  are  employed  in  the  production  of  artificial  cold 
by  being  mixed  with  snow  or  jwwdered  ice ;  and  the  chloride,  strongly 
dried,  or  in  the  fused  state,  is  of  great  use  in  desicialing  eases,  for 
which  ])urpoHe  the  latter  are  slowl^  transmitted  through  tubes  filled 
with  Segments  of  the  sail.  Calcium  chloride  is  aW  freely  solulile 
in  alcohol,  which,  when  anhydroiia,  fonns  with  it  a  definite 
cry  stall!  sable  compound. 

Calcium  Fluoride,  71uor-J3par,  CaF^— Tliis  substance  is  iniport- 
aiit  ai  tile  most  abundant  tintoral  ^uiirce  of  hvdrofluoric  acid  and  the 
other  fluorides.     It  occurs  beautifully  crj-stjillised,  of  various  colours 

slifiulil  lie  iwided  in  rather  cnarse  iwiwiler,  nnd  miipcl,  iiitliout  much  nibUing, 
tritli  the  other  iugiedieaU-  lliB  red  tire  coiupmitiou  has  heeii  known  to  ienit« 
apoataaeoaa]j. 
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in  lead-veins,  the  crystals  haying  commonly  the  cubic,  but  sometimes 
the  octohedral  form,  parallel  to  the  faces  of  which  latter  figure  they 
always  cleave.  Some  varieties,  when  heated,  emit  a  greenish,  and 
some  a  purple  phosphorescent  light.  The  fluoride  is  quite  insoluble 
in  water,  and  is  decpmposed  by  oil  of  vitriol  in  the  manner  already 
mentioned  (p.  203). 

Calcium  Oxides. — The  Monoxide  or  Lime,  CaO,  may  be  obtained 
in  a  state  of  considerable  puril^  by  heating  to  full  redness  for  some 
time  fragments  of  the  black  bituminous  marble  of  Derbyshire  or 
Kilkenny.  If  required  absolutely  pure,  it  must  be  made  by  igniting 
to  whiteness,  in  a  platinum  crucible,  an  artificial  calcium  carbonate, 
prepared  by  precipitating  the  nitrate  with  ammonia  carbonate, 
liime  in  an  impure  state  is  prepared  for  building  and  agricultural 
purposes  by  calcining,  in  a  kiln  of  suitable  construction,  the  ordinary 
limestones  which  abound  in  many  districts  ;  a  red  heat,  continued 
for  some  hours,  is  sufficient  to  disengage  the  whole  of  the  carbonic 
acid.  In  the  best-contrived  lime-kilns  the  process  is  carried  on  con- 
tinuously, broken  limestone  and  fuel  being  constantly  thrown  in  at 
the  top,  and  the  burned  lime  raked  out  at  intervals  from  beneath* 
Sometimes,  when  the  limestone  contains  silica,  and  the  heat  has 
been  very  high,  the  lime  refuses  to  slake,  and  is  said  to  be  over- 
burned  ;  in  this  case  a  portion  of  silicate  has  been  formed. 

Pure  lime  is  white,  and  often  of  considerable  hardness  :  it  is  quite 
infusible,  and  phosphoresces,  or  emits  a  pale  light  at  a  high  tempera- 
ture.   When  moistened  with  water,  it  slakes  with  great  violence, 
evolving  heat,  and  crumbling  to  a  soft,  white,  bulky  powder,  which 
is  a  hy(&ate  containing  a  single  molecule  of  water  :  the  latter  can 
be  again  expelled  by  a  red  beat    This  hydrate  or  hydroxide,  CaHgO^ 
or  CaO.H20,is  soluble  in  water,  but  far  less  so  than  either  the  hydrate 
of  barium  or  of  strontium,  and,  what  is  very  remarkable,  the  colder 
the  water,  the  larger  is  the  quantity  of  the  compound  that  is  taken  up. 
A  pint  of  water  at  16'6°  dissolves  about  11  grains,  while  at  100°  only 
7  ^;rains  are  retained  in  solution.    The  hydrate  has  been  obtained  in 
thin  delicate  crystals  by  slow  evaporation  under  the  air-pump. 
Lime-water  is  always  prepared  for  chemical  and  pharmaceutical  pur- 
poses by  agitating  cold  water  with  excess  of  calcium  hydrate  m  a 
closely-stopped  vessel,  and  then;  after  subsidence,  pouring  off  the 
clear  liquia,  and  edding  a  fresh  quantity  oi  water,  for  another  opera- 
tion :  there  is  not  the  least  occasion  for  nltering  the  solution.    Lime- 
water  has  a  strong  alkaline  reaction,  a  nauseous  taste,  and  when 
exposed  to  the  air  becomes  almost  instantly  covered  with  a  pellicle 
of  carbonate,  by  absorption  of  carbonic  acid.      It  is  used,  like 
barytar water,  as  a  test  for  carbonic  acid,  and  also  in  medicine.    Lime- 
water  prepared  from  some  varieties  of  limestone  may  contain  potash. 
The  nardening  of  mortars  and  cements  is  in  a  great  measure  due 
to  the  gradual  absorption  of  carbonic  acid  ;  but  even  after  a  very 

Seat  length  of  time,  this  conversion  into  carbonate  Ib  not  complete* 
ortar  is  known,  under  favourable  circumstances,  to  acquire  extreme 
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banluess  vith  age.  Lfme  ceiuenta  which  resist  the  action  of  wattf 
conluiu  iron  oxidee,  silica,  Bud  alumina :  they  r«<juire  to  be  carcfiill; 
prejiitred,  and  the  Btone  not  ovor-beated.  When  they  ore  gmund  to 
powder  and  jnixed  with  water,  solidilicatioii  epeedily  enstips,  Irom 
cauKe.''  not  yet  thoroughly  underatood,  and  the  cement,  once  in  thiE 
coniUliim,  is  unaffected  by  wi:L  Parker's  or  Roman  cement  is  made 
in  thiH  manner  I'nim  the  nodular  niaases  of  calcaivo-argillaceoiw 
ironatoiie  found  in  the  London  ulay. 

LiiiiL'  ia  of  peat  importance  in  agriculture :  it  is  found  more  at 
lt*aj  in  every  Tortile  soil,  and  is  oiten  very  advaiitageoualy  added 
liy  till'  cultivator.  The  decay  of  vegetable  fibre  in  the  soil  le  there- 
by jiromoted,  and  otlier  important  objects,  as  the  destruction  of 
certain  liiirtfiil  compounds  of  iron  in  marsh  and  peat  land,  are  often 
attaiiiiTl.  The  addition  of  lime  pmbitbly  servee  likewifle  to  liberate 
poUix^iiim  from  the  insoluble  silicate  of  that  base  uontuined  in  the 


Calcium  Elnlphate,  OaSO,. — Cri-stalline  native  calcium  sulphate, 
cantiiininj;  two  moleiides  of  irater,  i*  fnuiid  in  (iiiisiilcmMe  aliuud- 
ance  in  «ome  localities  aa  gifpntm:  it  is  often  asuociated  with  rock- 
wilt.  When  regularly  cryKbillised,  it  is  termed  eeleniU.  Auhydnma 
calcium  sulphate  is  also  occaMonnlly  met  with.  The  ealt  is  fonueil 
by  precipitation,  when  a  moderuuly  concentrated  solution  of  cjikium 
chloride  is  mixed  with  sulphuric  acid.  Calcium  sulphate  in  soluble 
in  about  500  parts  of  cold  water,  auditssolubility  isa  little  increased 
by  heat.  It  is  more  soluble  in  water  containing  ammonium  cliloridi; 
or  potassium  nitrate.  The  sidution  is  precipitated  by  alcohol. 
Qypsum,  or  native  hydrated  calcium  sulphate,  is  lo^ly  employed 
for  the  purpose  of  making  coats  of  stetues  and  me<lals,  also  for 
ikinilda  in  tliejmrcelnin  and  earthenware  manufactures,  and  for  otlier 

rsed  to  heat  in  an  oven  where  the  tenipetature 


applica 


pellcd,  and  it  is  afterwards  reduced  to  a  tine  powder.  Wbi'n  mixed 
witli  wilier,  it  soliililies  after  a  sliort  time,  from  the  re-fomiaiiou  of 
the  same  hydrate  ;  but  this  effect  does  not  happen  if  the  gypsum 
has  Wen  over-heated.  It  is  often  called  Plasterof  Paris.  Artificial 
coloured  marbles,  or  acagticla,  are  frequently  prepared  by  inserting 
])ieces  of  natural  slone  in  a  soft  stucco  containing  this  substance,  and 
jwlishiiig  the  surface  when  the  cement  has  become  hard.  Calcium 
sulphate  i"  one  of  the  most  common  impuiities  of  spring  watrr. 

T)ie  peculiar  proijerty  water  acquires  by  the  presence  of  calcium 
salts  is  termed  hardnesi.  It  manifests  itsell  bv  the  eAect  such  waters 
have  upon  the  palate,  ami  particularly  by  its  peculiar  behaviour 
with  soap.  Hard  water  yields  a  lather  with  snap  only  after  the 
whole  of  the  calcium  salts  have  been  thrown  down  from  the  water 
in  the  fonn  of  an  insoluble  lime-soap.  Ujion  this  principle  Clark's 
soap-teit  for  the  hardnesa  ol  'wata.i  i^  ba.hi;d.    The  hardness  produced 
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^y  calcium  sulphate  is  called  permaneHt  hardness,  since  it  cannot  be 
remedied. 

Calcium  Carbonate,'  Chalk;  Limestone;  Marble;  CaCOg. — Calcium 
carbonate,  often  more  or  less  contaminated  with  iron  oxide,  clay, 
and  organic  matter,  forms  rocky  beds,  of  immense  extent  and 
thickness,  in  almost  every  part  of  the  world.  These  present  the 
greatest  diversities  of  texture  and  appearance,  arising,  m  a  great 
measure,  from  changes  to  which  they  have  been  subjected  since 
their  deposition.  The  most  ancient  and  highly  crystalline  lime- 
stones are  destitute  of  visible  organic  remains,  while  those  of  more 
recent  origin  are  often  entirely  made  up  of  the  shelly  exuviae  of 
once-living  beings.  Sometimes  these  latter  are  of  such  a  nature  as 
to  show  that  the  animals  inhabited  fresh  water;  marine  species  and 
corals  are,  however,  most  abundant.  Cavities  in  limestone  and 
other  rocks  are  very  often  lined  with  magnificent  crystals  of  calcium 
carbonate  or  calcareous  spar,  which  have  evidently  been  slowly 
deposited  from  a  watery  solution.  Calcium  carbonate  is  always 
precipitated  when  an  alkaline  carbonate  is  mixed  with  a  solution  of 
that  base. 

Although  this  substance  is  not  sensibly  soluble  in  pure  water,  it 
is  freely  taken  up  when  carbolic  acid  happens  at  the  same  time  to 
be  present  If  a  little  lime-water  be  poured  into  a  vessel  of  that 
gas,  the  turbidity  first  produced  disappears  on  agitation,  and  a 
transparent  solution  of  calcium  carbonate  in  excess  of  carbonic  acid 
is  obtained.  This  solution  is  decomposed  completely  by  boiling, 
the  carbonic  acid  being  expelled,  and  the  carbonate  precipitated. 
Since  all  natural  waters  contain  dissolved  carbonic  acid,  it  is  to  be 
expected  that  calcium  in  this  state  should  be  of  very  common 
occurrence ;  and  such  is  really  found  to  be  the  fact,  river,  and  more 
especially  spring  water,  almost  invariably  containing  calcium 
carbonate  thus  oissolved.  In  limestone  districts,  this  is  often  the 
case  to  a  great  extent.  The  hardness  of  water,  which  is  owing  to 
the  presence  of  calcium  carbonate,  is  called  temporary,  since  it  is 
diminished  to  a  very  considerable  extent  by  boiling,  and  may  be 
nearly  removed  by  mixing  the  hard  water  with  lime-water,  when 
both  the  dissolved  carbonate  and  the  dissolved  lime,  which  thus 
becomes  carbonated,  are  precipitated.  Upon  this  principle  Dr. 
Clark's  process  of  softening  water  is  based.  This  process  is  of 
considerable  importance,  since  a  supply  of  hard  water  to  towns  is 
in  many  respects  a  source  of  great  inconvenience.  As  already 
mentioned,  the  use  of  such  water,  for  the  purposes  of  washing,  is 
attended  with  a  great  loss  of  soap.  Boilers,  in  which  such  water  is 
heated,  speedily  oecome  lined  wtih  a  thick  stony  incrustation.* 

*  Many  proposals  have  been  made  to  prevent  the  formation  of  boiler  de- 
posits. The  most  efficient  appeara  to  be  the  method  of  Dr.  Ritterband,  which 
consists  in  throwing  into  the  boiler  a  small  quantity  of  sal-ammoniac,  whereby 
carbonate  of  ammonia  is  formed,  which  is  volatilised  with  the  steam,  calcium 
chloride  remaiBing  in  solution.  It  need  scarcely  be  mentioned  that  this  plac 
is  inapplicable  in  the  case  of  permanently  hard  waters. 


. .  cur-spar  AVIU'II   (K'] 

water  iniitaiiiiiiL,^  cailioiiic   acid  at  tlu*    o 
1)0  ,  ami  oil  i'l)ulliti«»u   howt-ver,  it  is  chie 
of  arragoiiite  ;   at  lower  temperatures  th 
decreases,  whilst  that  of  calc-spar  increases, 
of  the  former  variety  being  litween  30°  ai 
Calc-Bpar  occurs  very  abundantly  in 
obtuae  rnombohedron,  whose  angles  measu 
density  varies  from  2*5  to  2*8.    The  rarer 
found  in  crystals  whose  primary  form  is  . 
figure  having  no  geometrical  relation  to  th( 
i  heavier  and  narder. 


Oalcium  Fhosphates. — A  numt^er  of 
phosphoric  acid  are  known.    Two  tribasicphi 
Ca-(P04)2  and  CaH(P04),  are  produced  \ 
somum  salts  are  added  in  solution  to  calcii 
slightly  crystalline,  and  the  second  gelati 
phosphate  is  digested  with  ammonia,  or  di 
precipitated  by  that  alkali,  it  is  converted 
earth  of  bones  consists  principally  of  wha 
bination  of  these  two  salts.    Another  orthc 
is  formed  by  dissolving  either  of  the  pr 
hydrochloric,  or  nitric  acid,  and  evaporating 
on  cooling  in  small  platy  crystals.    It  is  the 
phosphorus  when  heated  with  charcoal,  in 
manufacture  before  described.    Pyrophosph 
of  calcium  also  exist.    These  phosphates, 
water,  dissolve  readily  in  dilute  acids,  eve 
mineral  apatite  is  chiefly  calcium  phosphate. 
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unaltered  hydrate  beingleft  behind  :  the  solution  is  highly  alkaline* 
and  bleaches  feebly.  When  calcium  hydrate  is  suspended  in  cold 
water,  and  chlorine  gas  transmitted  through  the  mixture,  the  lime 
is  gradually  dissolved,  and  the  same  peculiar  bleaching  compound 
prod^uced:  the  alkalis  also,  either  caustic  or  carbonated,  may  by 
similar  means  be  made  to  absorb  a  large  quantity  of  chlorine,  ana 
give  rise  to  corresponding  compounds ;  such  are  the  "  disinfecting 
solutions"  of  Labarraque. 

The  composition  of  bleaching  powder  is  represented  by  the 
formula  CaOCl^,  and  it  was  formerly  supposed  to  be  a  direct 
compound  of  lime  with  chlorine.  This  view,  however,  is  not 
consistent  with  its  reactions,  for  when  distilled  with  dilute  nitric 
acid,  it  readily  yields  a  distillate  of  aqueous  hypochlorous  acid,  and 
when  treated  with  water  it  is  resolved  into  chloride  and  hypochlorite 
of  calcium,  the  latter  of  which  may  be  separated  in  crystals  by 
exposing  the  filtered  solution  to  a  freezing  mixture,  oy  by  evaporating 
it  in  a  vacuum  over  oil  of  vitriol,  and  leaving  the  dense  frozen  mass 
to  thaw  upon  a  filter.  A  solution  of  calcium  chloride  mixed  with 
hypochlorite  then  passes  through,  and  feathery  crystals  remain  on 
the  filter,  veiy  unstable,  but  consistiug,  when  recently  prepared,  of 
hydrated  calcium  hypochlorite,  Ca(OCl)2.4H20.*  These  results  seem 
at  first  sight  to  show  that  the  bleaching  powder  is  a  mixture  of  chlo- 
ride and  hypochlorite  of  calcium,  formed  according  to  the  equation, 

2CaO  +  CI4  =  CaCL,  +  CaCLjO^; 

Ijut  if  this  were  its  true  constitution,  the  powder,  when  digested 
with  alcohol,  ought  to  yield  a  solution  of  calcium  chloride  contain- 
ing half  the  chlorine  of  the  original  compound^  which  is  not  the 
case.     Its  constitution  is  therefore  better  represented  by  the  formula 

Ca^QPI,  suggested  by  Dr.  Odling,  this  molecule  being  decom- 
posed by  water  into  chloride  and  hypochlorite  in  the  manner  just 
explained,  and  yielding,  with  dilute  mtric  or  sulphuric  acid,  a  die- 
tillate  containing  hydrochloric  and  hypochlorous  acids  : 

CaCl(Oa)  +  2HNO3  =  Ca(N03)j  +  HQ  +  HaO. 

When  the  temperature  of  the  calcium  hydrate  has  risen  during 
the  absorption  of  the  chlorine,  or  when  the  compound  has  been  sub- 
sequently exposed  to  heat,  its  bleaching  properties  are  impaired  or 
altogether  destroyed :  it  then  contains  chlorate  and  chloride  of  cal- 
cium ;  oxygen,  in  variable  quantity,  is  usually  set  free.  The  same 
change  seems  to  ensue  by  long  keeping,  even  at  the  common  tempe^ 
rature  of  the  air.  In  an  open  vessefthe  compound  is  speedily  decom- 
posed by  the  carbonic  acid  of  the  air.  Commercial  bleaching  powder 
thus  constantly  varies  in  value  with  its  age,  and  with  the  care  origin- 
ally bestowed  upon  its  preparation:  the  beist  may  contain  about  30  per 
cent,  of  available  chlorine,  easily  liberated  by  an  acid,  which  is 
however,  far  short  of  the  theoretical  quantity. 

*  Kingzett,  Chem.  Soc.  Jour.  1875,  p.  404. 
FOWNES. — VOL.  I.  '^^ 
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The  general  method  in  which  tliis  mibataace  ia  employed  for 
bkachina  is  the  following  :— The  goods  are  first  immersed  in  k 
dilute  solution  of  chloride  of  lime,  and  then  transfeired  lo  a  vat  con- 
taining  dilute  sulphuric  acid.  Decomposition  ensues  ;  the  calcium 
both  of  the  hypochlorite  and  of  the  chloride  is  converted  .  into 
Buliihate,  while  the  free  hypochloroua  and  hydrochloric  ucida  yield 
water  and  free  chlorine  ; — 

CaCl,0,  +  CaCl,  +  SH^O,  =  2CaS0,  +  2HC10  +  2HC1 , 
and  HCIO  +  HCl  =  H,0  +  CI,. 

The  chlorine  thus  disengaged  in  contact  with  the  cloth  causes 
destruction  of  the  colouring  matter.  The  process  is  repeated  eeveial 
tiuics,  since  it  ia  unsafe  to  uae  strong  solutions. 

On  the  same  principle,  white  patterns  are  imprinted  upon  coloured 
cloth,  the  tigures  being  staniped  with  tartaric  acid  thickened  with 
gum-water,  and  then  the  stuff  irauicrsed  in  the  chlorine  bath,  when 
the  parts  to  which  no  acid  lla4  been  applied  remain  mialtered,  while 
the  printed  portions  are  bleached. 

For  purifyinn  an  offensive  or  infectious  atmosphere,  as  on  aid  to 
propi-T  ifnIitHlifin,  thv  hV'nr.hing  powder  i-  very  rumviiirat.  The 
solution  is  exposed  in  shallow  vessels,  or  cloths  stccptd  in  it  are  eus- 

§  ended  in  tlie  apartment,  when  the  carbonic  acid  of  the  air  sloM-ly 
ecomposes  it  in  tlie  manner  above  described.  Addition  of  a  strong 
acid  causes  rapid  disengagement  of  chlorine. 

The  valne  of  any  sample  of  bleaching  powder  may  be  easily 
determined  by  the  following  method,  in  which  the  feebly  combined 
chlorine  is  estimated  by  its  effect  in  oxidising  a  ferrous  salt  to  ferric 
aalt,  2  molecules  of  ferrous  oxide,  FeO,  requiring  for  this  purpose 
2atonis  of  chlorine;  the  latter  acta  by  decomposing  water  and  libemt- 
ii^a  corresponding  quantity  of  oxygen,  78  (more  correctly  7816) 
grains  of  green  ferrous  sulphate  are  dissolved  in  about  two  ounces  of 
water,  and  acidulated  with  a  few  drops  of  sulphuric  or  hydrochloric 
acid :  this  iiuantity  will  require  for  oxidation  10  grains  of  chlorine 
Fifty  grains  of  the  chloride  of  lime  to  be  examined  are  next  rubbed 
up  with  a  little  tepid  water,  and  the  whole  transferred  to  a 
burette  (p.  352),  which  is  then  filled  up  to  0  with  wattr,  after  which 
the  contents  are  well  mixed  by  a^tation.  The  liquid  is  next  gra- 
dually poured  into  the  solution  of  iron,  with  constant  stirring,  until 
all  the  iron  is  brought  to  the  state  of  ferric  salt,  which  may  be 
known  by  a  drop  ceasing  to  give  a  deep-blue  precipitate  with  potas- 
fliuiu  ferrocyaniae.  The  number  of  grain-measures  of  the  chloride 
solution  employed  may  then  be  read  off  :  since  these  must  contain 
10  grains  of  serviceable  chlorine,  the  quantity  of  the  latter  in  the  50 
grams  may  be  easily  reckoned.  Thus,  suppose  72  such  measures 
have  been  taken ;  then 
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The  bleaching  powder  contains  therefore  27*78  per  cent* 

Oaloiuxn  Sulphides. — The  monosulphide,  CaS,  is  obtained  by 
reducing  the  sulphate  at  a  high  temperature  with  charcoal  or  hydro- 
'  gen  :  it  is  nearly  colourless,  and  but  little  soluble  in  water.  By 
boiling  together  calcium  hydrate,  water,  and  flowers  of  sulphur,  a 
r^  solution  is  obtained,  wmch,  on  cooling,  deposits  crystals  of  the 
bisulphide,  CaSj,  containing  water.  When  the  sulphur  is  in  excess, 
and  the  boiling  long  continued,  a  pentasulphide  is  generated:  thio- 
sulphuric  acid  is  formed  as  usual  during  these  reactions: 

3CaO  +  Sg  =  2CaSj  +  CaSjOg. 

When  the  yellow  solution  obtained  by  boiling  lime  with  excess  of 
stilphur  is  poured  into  an  excess  of  hydrochloric  acid,  sulphur  is 
precinitated  together  with  a  yellow  oily  liquid,  which  ib  hydrogen 
persulphide  (p.  207);  but  if  the  acid  be  poured  into  the  solution  of 
calcium  sulpnide,  gaseous  hydrogen  sulphide  is  given  off,  and  the 
whole  precipitate  formed  consists  wholly  of  finely  divided  sulphur, 
the  stUphur  precipitatum  of  the  Pharmacopoeia.  If  dilute  sulpnuric 
acid  is  used,  the  precipitate  also  Contains  gypsum. 

Oaloiuxn  Phosphide. — When  vapour  of  phosphorus  is  passed  over 
fragments  of  lime  heated  to  redness  in  a  porcelain  crucible,  a  cho- 
colate-brown compound,  the  so-called  phosmMret  of  limej  is  produced. 
This  substance  is  probably  a  mixture  of  calcium  phosphide  and  phos- 

Ehate.  When  thrown  into  water  it  yields  spontaneously  inflammable 
ydrogen  phosphide.  According  to  Paul  Th^nard,  the  calcium 
phosphide  m  this  compound  has  the  composition  PoCa,.  In  contact 
with  water  it  yields  liquid  hydrogen  phosphide,  PsHi  (p.  239). 

PjCaj  +  2H,0  -  2CaO  +  PjH^: 

and  the  greater  portion  of  this  liquid  phosphide  is  immediately 
decomposed  into  solid  and  gaseous  nydrogen  phosphide  :  6P2H4a 
P.Hj+ePH,. 

Reactions  of  the  Alkaline  Earth-metcUsvn  w^t^ton.— Barium,  stron- 
tium, and  calcium  are  thus  distinguished  from  all  other  substances, 
and  from  each  other. 

Caustic  Potashj  when  free  from  carbonate,  and  caustic  ommonto, 
occasion  no  precipitates  in  dilute  solutions  of  the  alkaline  earths, 
especially  of  the  nrst  two,  the  hydrates  being  soluble  in  water. 

Alkaline  carbonates,  and  carbonate  ofammoniay  give  white  precipi- 
tates, insoluble  in  excess  of  the  precipitant,  with  all  three. 

Sulphuric  acid,  or  a  sulphaUy  added  to  very  dilute  solutions  of  the 
salts  of  these  metals,  gives  an  immediate  white  precipitate  with 
barium  salts ;  a  similar  precipitate  after  a  short  interval  with  stron- 

*  Graham's  Elements,  vol.  i.  p.  508.  For  other  methods  see  Watts's 
Dictiozuury  of  Chemistry,  i.  p.  904. 
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tium  tialts  ;  and  occamoiuDD  change  with  caldam  salts.     The  p 
cipitiiti's  with  barium  and  Btroiitimn  boIU  are  insoluble  in  nitric  add. 
Solution  of  calcium  nMuUe  gives  an  instantaneaiia  clond   wiffe 


barium  snlt*,  and  one  wiUi  strontjum  mlta  after  a  little  ti 

Stfonliiim    sulphate    is    itself    sufficiently    (olnble    to    i 
turbidity  when  niiied  with  barium  chloride. 

Laiitiy,  the  soluble  oxatata  give,  in  the  most  dilute  erJutioiis  a_ 
calcium  aalta,  a  white  preupttst^,  which  is  not  dissolved  by  a  dra^J 
or  two  of  hydrochloric,  or  by  an  excess  of  aeetic  add.    This  is  aafl 
exci'i'iljjii^ly  charoctenstic  test. 

Till'  i-hlurida  of  lironfiuM and Mirtitm  dissolved  in  alcohol,  colon 

the  dimn'  of  the  latter  red  or  purple  :  barium  lalta  a '     "     * 

tilt  HnniL'  a  pale  green  tint, 

Silii'"Jliiorie  acid  gives  a  white  jwecipitate  with  barium   ealt^ 
none  with  ealte  of  strontium  or  calcium. 
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APPENDIX  TO  GROUP  I. 
METALS  OF  THE  EARTH9. 
The  metals  belon)>uiK  to  tliis  group  are  l)eryllium,  yttrium,  erbium, 
lanth!iniim,didyraiuni,  cerium,  aluuiiuimii,  zircaniiun,  and  thurinum. 
Berj'llium  is  a  dya<t ;  yttrium,  erbium,  lanthanum,  didymiuin,  sitd 
cerium  (in  the  cerous  comjumnda),  have  bitlierto  been  wtpirded  aa 
dyads;  but  recent  observations  have  shown  that  they  are  more  pro- 
bably triads.  Aluminium  is  also  a  triad;  zirconium  aud  thorinum 
are  tetradg.     All  these  metals  forui  oxides  of  earthy  character. 


ALUHIHI1TH. 

Atomic  weight,  2r'4.     Symbol,  Al. 
This  metal  occurs  very  abundnutly  in  nature  in  the  rfate  of  silicate, 
as  in  felspar  and  its  assotiated  minerals  ;  also  in  the  varioii.*  mniii- 
ficationa  of  clay  thence  derived.     It  was  first  isidated  by  WohltT, 


«-Claire  Dtville,  by  an  ini]iriived 

ne  principle,  has  succeeded  in  obtaining 
■a  the  mnmifr-'- — '■ '-      '^' 


cryolite  being  adJe 
crucibles,  or  on  the  large   scale   on  the  hearth  of  a  reverberatory 
furnace.     Sodium  ia  used  as  the  reducing  agi^nt  in  preferenc*'   to 

EotflMsium:  first,  because  it  ia  more  easily  prepared  ;  and,  secondly, 
Bcause  it  has  a  lower  atomic  weight,  and,  consequently,  a  snialler 
quantity  of  it  suffices  to  do  the  same  amount  of  chemical  work. 

Aluminium  is  also  prepared   lUrcctly  from  cryolite  by  reduction 
irilli  Bodium,  but  the  ULCtal  thus  obtained  is  said  to  be  more  con- 
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taminated  with  iron  and  silicium  than  that  prepared  by  Deville's 
process. 

Aluminium  is  remarkable  for  its  low  specific  gravity,  which  is  2*6  : 
it  is  nearly  as  white  as  silyer,  and  is  capable  of  assuming  a  high 
polish.  It  is  employed  in  the  manufacture  of  delicate  apparatus  and 
ornamental  articles.  Some  of  the  alloys  of  aluminium  promise  to 
become  more  generally  applicable,  more  especially  the  alloy  with 
copper,  which  is  remarkable  for  being  similar  in  appearance  to  gold: 
this  aUoy  is  found  in  commerce  under  the  name  of  aluminium  bronze. 

Aluminium  forms  only  one  class  of  compounds,  in  which  it  is 
trivalent,  one  atom  of  the  metal  being  equivalent  to  three  atoms  of 
hydrogen  ;  thus  the  chloride  is  AICI3,  the  oxide,  Al^Oj,  &c 

AinTwJTiiiitw  Ghloride,  AICI3 — This  compound  is  obtained  in  solu- 
tion bv  dissolving  alumina  or  aluminium  hydrate  in  hydrochloric  acid; 
but  the  solution,  when  evaporated,  ^ves  off  hydrochloric  acid  and 
leaves  alumina.  The  anhydrous chlonde  may  be  prepared  by  heating 
a  mixture  of  alumina  and  finely  divided  carbon  m  chlorine  gas. 

Pure  precipitated  alumina  is  dried  and  mixed  with  oil  and  lamp- 
black, and  the  mixture,  after  being  strongly  calcined  in  a  covered 
crucible,  is  introduced  into  a  porcelain  tube  or  tubulated  earthen 
retort  placed  in  a  furnace,  and  connected  at  one  end  with  an 
apparatus  for  evolving  chlorine,  and  at  the  other  with  a  dry  receiver. 
On  raising  the  heat  to  bright  redness,  and  passing  chlorine  through 
the  apparatus,  aluminium  chloride  distils  over,  together  with  carbon 
monoxide,  and  condenses  as  a  solid  mass  in  the  receiver  : 

Al^jOs  +  C,  +  Cl«  =  2AICI3  +  3C0. 

Aluminium  chloride  is  a  transparent  waxy  substance,  havinx^  a  crys- 
talline structure,  colourless  when  pure,  but  generally  exhibiting  a 
yellow  colour,  due  perhaps  to  the  presence  of  iron.  It  boils  at  about 
180°,  fumes  in  the  air,  and  smells  of  hydrochloric  acid.  It  is  veir 
deliquescent,  and  dissolves  readily  in  water  ;  the  solution  when  left 
to  evaporate  yields  the  hydrated  chloride,  AICI3.6H1O,  in  six-sided 
prisms,  which  when  heated  are  resolved  into  idumina  and  hydro- 
chloric acid. 

Aluminium  and  Sodium  Chloride^  AlCl3.NaCl,  is  obtained  by  melt- 
ing together  the  component  chlorides  in  proper  proportions,  or  by 
adding  the  requisite  quantity  of  sodium  chloride  to  the  mixture  of 
alumina  and  charcoal  used  for  the  preparation  of  aluminium  chloride, 
igniting  the  mass  in  chlorine  or  nydrochloric  acid,  and  condensing 
the  vapour  in  a  receiver.  It  is  a  crystalline  mass,  less  deliquescent 
than  aluminium  chloride,  and,  therefore,  more  convenient  for  the 
preparation  of  aluminium. 

• 

AiiiTwJTinm  Fluoride,  AIF3,  is  produced  by  the  action  of  gaseous 
silicon  fluoride  on  aluminium,  and  forms  cubic  crystals,  volatilising 
at  a  red  heat,  insoluble  in  water,  and  resisting  the  action  of  all  acids. 

Alummium  and  Sodium  Fltunide,  AlF3.3NaF,  occurs  abundantly 
as  cryolite,  at  Evigtok  in  Greenland,  and  is  prepared  artificially  b;^ 
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pouruig  hydrofluoric  acid  in  excess  on  a  mixtare  of  calcined 
uluuiiim  nnd  aodium  carboiiBtc  Cryolite  forms  quadratic  crystal^ 
colour) L'Hx,  tTaDEparent,  softer  than  felspar,  and  of  specific  gravity 
2'96.  It  is  u«ed,  as  alreadj  nientioQed,  for  the  preporatton  «f 
oluniimiiin,  and  in  Germany  for  the  manufacture  of  soda  for  the 
of  soiiiJ-builerB, 

Aiinniniimi  Oxid«. — AlumuiA,  ALO3. — This  sulistance  is  

ferrt-'d  to  lie  a  seaqnioxide  from  its  isomorphism  with  ferric  oiide.  It  ia 
prepared  by  minng  a  solution  of  alum  with  escees  of  ammonift,  by 
which  an  extremelT  bulky,  while,  gelatinous  precipitate  of  alu- 
minium hydrnteis  thrown  down.  This  is  WBuhet^  dried,  and  ignited 
1«  whitf  ncss.  Thus  obtained,  alumina  constitutes  ii  white,  taflteles% 
coliei'cut  maas,  very  little  acted  upon  by  acids.  It  is  fusible  before 
the  oxy-hydrogen  blowjiipe,  'Hie  ruineral  called  cmvitdma,  of 
whiib  the  ruby  and  sapphire  arc  transparent  varieties,  oonsiata  of 
nearly  pure  alumina  in  a  cystalUsed  state,  with  a  little  colotmng 
oxide  ;  emery,  used  for  polisblng  glass  and  metals,  is  a  coarae  varie^ 
of  coruudum.  Alnmina  is  a  very  feeble  base,  uid  its  snlts  haYO 
often  ah  add  reaction. 

Aluminiiim  ^yrfrates.— Aluminium  forma  three  hy(!rates; 
namely  :— 

Monohvdrate,         .        .    AlHO,    or  Al^O, .    HjO 

Dihydrote,     .        .        ,    ALH.Os  or  AI^O, .  SH^O 

Trihydrate,     .  .     AlHjOj   or  AljOj  .  3H,0  . 

The  monohydrate  is  found  native,  an  diaepore,  in  translucent  masses 

which  cnimble  to  powder  when  heated,  and  give  off  the  whole  of 

their  water  at  36(>°. 

The  trihydrate  is  the  ordinary  gelatinous  precipitate  obtained  by- 
treating  solutions  of  aluminium-salts— alum,  for  example— with 
ammonia  or  alkaline  carbouales.  When  dried  at  a  moderate  heat, 
it  forms  a  soft  friable  mass,  which  adheres  to  the  ton^'ue  and  fomui 
a  stiff  paste  with  water,  but  does  nut  dissolve  in  tliat  liijuiii.  At 
a  strong  red  heat,  it  gives  off  water,  and  undergoes  a  very  great 
conttaetion  of  volume.  It  dissolves  with  great  facility  in  acids,  and 
in  the  fixed  caiislic  alkalis.  When  a  solution  of  alumina  in  caustic 
jmtashis  expwed  t«llicair,thc  iwtash  absorbs  carbonic  acid,  ifiid  the 
aluminium  trihydrate  is  then  deposited  in  white  crystals,  which  are 
but  sparingly  soluble  in  acids. 

Aluminium  trihydrate  has  a  very  powerful  attraction  for  oi^nic 
matter,  and  when  digested  in  solutions  of  vegetable  colouring  matter, 
combines  with  and  conies  ilowu  the  colouring  matter,  which  is  thus 
rcmoveil  entirely  from  the  licaiid  if  the  alumina  is  in  suificieut 
quantity.  The  pigments  called  iiAes  are  conipouuda  of  this  nature. 
The  tibre  of  cotton  impregnated  with  alumina  acquires  the  same 
power  of  retaining  colouring  matters  :  hence  the  great  use  of 
aluminous  salts  as  taordants  to  produce  fast  colours. 

Aluminium  triliydrate  occurs  native  as  Oibhsite,  a  stalactitic, 
tnuwJucent,  fibrous  mineial,  easily  disaoived  by  acids. 


I 


ALUIONIUX.  391 

Dihydrate, — ^When  a  dilute  solution  of  aluminiam  diacetate  is 
exposed  for  several  days  to  a  temperatore  of  100°  in  a  dose  vessel, 
the  acetic  acid  appears  to  be  set  free,  although  no  precipitation  of 
alumina  takes  place.  The  liquid  acquires  the  taste  of  acetic  acid, 
and  if  afterwaras  boiled  in  an  open  vessel,  gives  off  nearly  the  whole 
of  its  acetic  acid,  the  alumina,  nevertheless,  remaining  m  solution. 
This  solution  is  coagulated  by  mineral  acids  and  by  most  vegetable 
acids,  by  alkalis,  and  by  decoctions  of  dye-woods.  The  alumina 
contained  in  it  is,  however,  no  longer  capable  of  acting  as  a  mordant. 
Its  coagulum  with  dve-woods  has  the  colour  of  the  mfasion,  but  is 
translucent  and  totally  different  from  the  dense  opaque  lakes  which 
ordinary  alumina  forms  with  the  same  colourmg  matters.  On 
evaporating  the  solution  to  dryneaa  at  100°,  the  alumina  remains  in 
the  form  oi  dihydrate,  retaining  only  a  trace  of  acetic  acid.  In  this 
state  it  is  insoluble  in  the  stronger  acids,  but  soluble  in  acetic  acid, 
provided  it  has  not  been  previously  coagulated  in  the  manner  just 
mentioned.    Boiling  potasn  converts  it  into  the  trihydrate.* 

Aluminates. — The  hydrogen  in  aluminium  trihydrate  may  be 
replaced  by  an  equivalent  quantity  of  various  metals ;  such  com- 
pounds are  called  aluminates.  According  to  Fr^my,  a  solution  of 
alumina  in  potash  slowly  evaporated,  out  of  contact  with  the  air, 
deposits  G^ranular  crysttds  of  potassium  aluminate,  AIKO^,  or 
Al20^.E^0.  Similar  compounds  occur  native ;  thus  SpineU  is  an 
alummate  of  magnesium,  Al^gO^ ;  Gahnite,  an  aluminate  of  zinc, 
AlgZnO^. 

AlnmiTiiuTn  Sulphide,  Al^^. — ^When  the  vapour  of  carbon 
bisulphide  is  passed  over  alumina,  at  a  bright  rea  heat,  a  glassy 
melted  mass  remains,  which  is  instantly  decomposed  by  water,  with 
evolution  of  sulphuretted  hydrogen. 

Aluxninimn  Sulphate,  AL(S04)^18H,0,  or  Al^Os-dSO,. 
ISH^O. — Prepared  by  saturating  dilute  suiphunc  add  with  aluminium 
hydrate,  and  evaporating ;  or,  on  the  large  scale,  by  heating  clay 
with  suiphunc  acid.  It  crystallises  in  thin  pearly  plates,  soluole  in 
2  parts  of  water  :  it  has  a  sweet  and  astringent  taste,  and  an  add 
reaction.  Heated  to  redness,  it  is  decompose^  leaving  pure  alumina. 
Two  other  aluminium  sulphates,  with  excess  of  base,  are  also 
described,  one  of  which  is  insoluble  in  water. 

Aluminium  sulphate  combines  with  the  sulphates  of  potassium^ 
sodium,  and  ammoniimi,  and  the  other  alkali-metals,  forming 
double  salts  of  great  interest,  the  alvmB,  Common  alum,  the  source 
of  all  the  preparations  of  alumina,  contains  A1K(S04)2-  l^HoO .  It  ia 
manufactuFed  on  a  very  large  scale  from  a  kind  of  slaty  cmy  loaded 
with  iron  bisulphide,  which  abounds  in  certain  localities.  This  ia 
gently  roasted,  and  then  exposed  to  the  air  in  a  moistened  state; 
oxygen  is  absorbed ;  the  sulpnur  becomes  acidified ;  ferrous  sulphate 
and  aluminium  sulphate  are  produced,  and  afterwards  separated  by 

*  Walter  Cram,  Chem.  Soc.  Joura.  vi.  225. 
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liii  nation  with  water.  The  wlution  is  nert  concentrated,  and  miicd 
■with  a  unantity  of  potassium  chloride,  which  decomposes  the  IPoB- 
ealt,  fonnins  ferrotu  chloride  and  potassiuni  Bnlphate  :  tJie  btCer 
coinbiiicx  with  the  aluminium  sulphate  to  form  slum.  Bj  dretal- 
liantion  the  alum  is  Bepfuateil  trnm  the  hi^hlf  aoluble  inm  chlori*!^. 
and  (ifliTwarda  easily  purified  by  a  repetition  of  the  proceea  Other 
mp.thcnlH  iif  alum  making  ate  eometimes  employed. 

P{ilaa.»ium-aluin  cryBlolliaea  in  colonrleaa,  tranBparent  octohedron* 
whicli  pften  exhibit  the  Cues  of  the  cube.  It  hits  a  Aweetiah  and 
SHtrint'i.-iit  taste,  redden*  litmm~^pcr,  and  diaaolvcg  in  18  parts  of 
wnttr  lit  I6'fi°,  tind  in  ilH  own  weight  of  boiling  water.  Exposed  to 
beat,  it  IB  eadly  rendered  anhydrous,  and  by  a  very  high  temperatoR 
it  is  decomposed.  The  erystuhp  have  little  tendency  to  change  in  the 
air.  Alum  is  lorselj'  nueil  in  the  artti,  in  preparisg  skin^  djting^ 
&G. :  it  m  occaaionally  contaminated  with  iron  oxide,  which  interferes 
with  Bome  of  its  applicationH.  The  celebrated  Boniim  alum, 
from  ahiia-iione,  a  felspathio  rock  altered  by  enilphiirous  tb, 
was  once  nraoh  prized  on  account  of  its  freedom  from  this  impim^ 
A  mixture  of  dried  alum  and  sugar,  carbonised  in  an  open  pan,  and 
thtn  benlcd  ton.'dne.'winagljiasfliiak.  con tiict  with  air  lioini;  avoided, 
fumiahfs  the  Homberjfn  pyropkonts,  which  rj;iiitc3  spont.iiieouiily  on 
exposure  to  the  air.  The  essential  ingredient  is,  in  all  probal.iility, 
finely  divided  potassium  sulphide. 

A  process  nan  lately  been  patented  by  Messrs,  Duncan  and 
Newlands  for  separating  the  potash  fn>m  syrups  of  beet  and  cane 
BHgnr  by  means  of  aluminium  sulphate,  the  potash  being  thereby 
precipitated  in  the  form  of  aluni.  A  solution  of  aluminium  suliihate 
of  a  JeiUiitv  corresponding  with  about  37"  of  Bauiue's  hyilronifter  is 
added  to  tlie  cold  syrup  having  a  density  ofabout36^B.,  inmiantity 
mtfficicnt  to  precipitate  the  whole  of  the  potash  present ;  the  mixture 
ia  well  stirred  for  fifteen  minutes  to  an  hour;  and  the  whole  left  at 
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This  deposit  consints  of  small  crystals,  technically  Known  as  "ahim 
meal."  ConBidenihle  quantities  of  alum  are  now  made  by  this  prnceas. 

Sadmm-alam,  in  which  sidphote  of  sodinm  replaces  sulphate  of 
potasiiinm,  has  a  form  and  constitution  similar  to  tliat  of  common 
alum :  it  is,  however,  much  more  soluble,  and  difficult  to  ciyslalliae. 

Amtnonium-alam,  containing  NH,  instead  of  K,  very  closely 
resembles  common  potassium  alum,  having  the  same  figure, 
appearance,  am)  constitution,  and  nearly  the  same  degree  of  Bolubilit; 
as  that  Bubstanrn.  It  is  manufactured  for  conimerciui  use.  As  th« 
value  of  potjissium  salts  is  continually  increasing,  ammoniuin-alum, 
which  may  be  used  in  dyeing  with  the  same  ailvantage  as  the  corre- 
sponding potnasium  salt,  has  almost  entirely  replaced  the  potnsstuQ)- 
aluiiu  When  heated  to  redness, animoniiim4tuni  yields  pure  alumina. 

C(EsiMm-(i(Mm,AlCs(SO,)j.l2HjO,andfiM6t'rfmn(-(i?Hm,AlEKSO,V 
12HjO,  resemble  potassium  ahiin.  A  filver-alim,  AlAg(SO,)y  12H,0. 
is  formed  by  heatmgeijuivak-ntqunntitiea  of  argentic  andaluniiniuni 
aitlphateB  till  the  fonner  u  tli^lv<id.    It  crystoUiaes  in  regular 
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octohedrons,  and  is  resolved  by  water  into  its  component  salts. 
There  is  also  a  thallium  alumy  AlTh{SO^l^^O,  whicn  crystallises 
in  regular  octohedrons. 

Lastly,  there  are  alums  isomorphous  with  those  just  described, 
in  which  the  trivalent  aluminium  is  replaced  by  trivalent  iron, 
chromium,  and  manganese :  for  example,  potassio-ferric  sulphate  or 
potassium-iron  alum,  FeE(S04)2.12H30;  ammonio-chromic  sulphate, 
Cr(NH4)(S04)3.12H20.    These  will  be  described  further  on. 

Few  other  aluminium  salts  present  especial  interest,  except  the 
silicates  ;  but  these  latter  are  of  great  importance.  Silicates  of 
aluminium  enter  into  the  composition  of  a  number  of  crys- 
tallised minerals,  among  which  felspar,  by  reason  of  its  abundant 
occurrence,  occupies  a  prominent  place.  Granite,  porphyry,  trachyte, 
and  other  ancient  unstratitied  rocks,  consist  in  great  part  of  this 
mineral,  which,  under  peculiar  circumstances,  by  no  means  well 
understood,  and  particularly  by  the  action  of  the  carbonic  acid  of 
the  air,  suffers  complete  decomposition,  being  converted  into  a  soft, 
friable  mass  of  earthy  matter.  This  is  the  origin  of  clay  :  the  change 
itself  is  seen  in  great  perfection  in  certain  districts  of  Devonshire 
and  Cornwall,  the  felspar  of  the  fine  white  granite  of  those  localities 
being  often  disintegrated  to  a  great  depth,  and  the  rock  altered  to  a 
substance  resembling  soft  mortar.  By  washing,  this  finely  divided 
matter  is  separated  from  the  quartz  and  mica ;  and  the  milk-like 
liquid,  being  stored  up  in  tanks,  deposits  the  suspended  clay,  which 
is  afterwards  dried,  firet  in  the  air,  and  afterwards  in  a  stove,  and 
employed  in  the  manufacture  of  porcelain.  The  composition 
assigned  to  unaltered  felspar  is  AlKBijOg,  or  AlKSi04.2SiOo,  or 
AlgOg.K^O.eSiOj.  The  exact  nature  of  the  change  by  which  felspar 
passes  into  porcelain  clay  is  unknown,  although  it  evidently  consists 
m  the  abstraction  of  silica  and  alkali. 

When  the  decomposing  rock  contains  iron  oxide,  the  clay  produced 
is  coloured.  The  different  varieties  of  shale  and  slate  result  from 
the  alteration  of  ancient  clay-beds,  apparently  in  many  instances  by 
the  infiltration  of  water  holding  silica  in  solution  :  the  dark  appear- 
ance of  some  of  these  deposits  is  due  to  bituminous  matter. 

It  is  a  common  mistake  to  confound  clay  with  alumina :  all  clays  are 
essentially  silicates  of  that  base ;  they  often  vary  a  good  deal  in  com- 
position. Dilute  acids  exert  little  action  on  these  compounds ;  but  by 
tx)iling  with  oil  of  vitriol,  alumina  is  dissolved  out,  and  finely  divided 
silica  left  behind.  Clays  containing  an  admixture  of  calcium  carbo- 
nate are  termed  maris,  and  are  recognised  by  effervescing  with  acids. 

A  basic  aluminium  silicate,  Al^Og-SiOj,  is  foimd  crystallised,  con- 
stituting the  beautiful  mineral  called  cyanite.  The  compounds 
formed  oy  the  imion  of  the  aluminium  silicates  with  other  silicates 
are  almost  innumerable.  A  sodium  felspar,  aUnU,  containing  that 
metal  in  place  of  potassium,  is  known,  and  there  are  two  somewhat 
similar  lithium  compounds,  spodumene  and  petalite.  The  zeolites 
are  hydrated  silicates  belon^g  to  this  class  ;  analcime,  nepheline, 
m^sotype,  &c.,  are  double  silicates  of  sodium  and  aluminium,  with 


\.austic  potash  and  sodtt  occasion  a  whitt 
aluminium  liyt hale,  freely  soluble  in  exce; 
produces  a  similar  precij>itate,  insoluble 
The  alkaline  carbonates  and  carhonaU  of 
hydrate,  with  escape  of  carbonic  acid 
insoluble  in  excess. 

Ammonium    stUphide    also    produces   i 
aluminium  hydrate. 


BEBYLLIUM,   or  GLXJ 

Atomic  weight,  9*4.    Syml 

This  somewhat  rare  metal  occurs  as  a  sil 
phenacite,  or  associated  with  other  silici 
euclase,  leucophane,  helvite,  and  several  var. 
as  an  aluminate  in  chrysoberyl  or  cymophai 

Metallic  beryllium  is  obtained  by  passi 
chloride  over  melted  sodium.    It  is  a  white 
2*1 ;  it  may  be  forged  and  rolled  into  sheetf 
point  is  below  that  of  silver.     It  does  not  c 
boiling  heat.    Sulphuric  and  hydrochloric 
evolution  of  hvdrogen. 

Beryllium  forms  but  one  class  of  compoi 
siderable  doubt  as  to  its  atomic  weisht  and 
the  one  hand,  it  is  resturded  as  a  dyaa,  like  c 
with  the  atomic  weignt  9*4,  its  chloride  bein] 
on  the  other  hand,  as  a  triad,  like  aluminiun 
its  chloride  would  be  BeClj,  its  oxide  BeoO^ 
14 ;   but  the  former  view  appears,  on  f^-^^ 
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finely  pounded  mineral  with  potasdiun  carbonate  or  quicklime; 
treating  the  fused  mass  with  n^rdrochloric  acid;  evaporating  to 
dryness ;  then  moistening  the  residue  with  hydrochloric  acid,  and 
treating  it  with  water,  whereby  everything  is  dissolved  except  the 
silica.  The  filtered  liquid  is  then  mixed  with  excess  of  ammonia 
solution,  which  throws  down  a  bulky  precipitate  containing  both 
alumina  and  beryllia;  this  precipitate  is  well  washed,  and  the 
beryllia  is  dissolved  out  from  the  alumina  by  digestion  in  a  cold 
strong  solution  of  ammonium  carbonate.  The  liquid  is  again  filtered, 
and  on  boiling  it,  beryllium  carbonate  is  deposited  as  a  white  powder, 
which,  when  ignited,  leaves  pure  beryllia. 

Beryllia  is  very  much  like  alumina  in  physical  characters,  and 
further  resembles  that  substance  in  being  readily  dissolved  by  caustic 
potash  or  soda  ;  but  it  is  distinguished  from  alumina  by  its  solubility, 
when  recently  precipitated,  in  a  cold  solution  of  ammonium  car- 
bonate. Beryllium  salts  have  a  sweet  taste,  whence  the  former  name 
of  the  metal,  glucinv/m  (from  yXvxv;).  They  are  colourless,  and  are 
distinguished  from  those  of  aluminium  bv  not  yielding  an  alum  with 
potassium  sulphate,  nor  a  blue  colour  when  heated  before  the  blow- 
pipe with  cobalt  nitrate ;  also  by  their  reaction  with  ammonium 
carbonate. 


ZIBCONIUM. 

Atomic  weight,  89*6.    Symbol,  Zr. 

This  is  a  tetrad  metal,  intermediate  in  many  of  its  properties 
between  aluminium  and  silicium.  Its  oxide,  zirconia,  was  first 
obtained  by  Klaproth,  in  1789,  from  zircon,  which  is  a  silicate  of 
zirconium.  It  has  since  been  found  in  fergusonite,  eudialyte,  and 
two  or  thiiee  other  rare  minerals. 

Zirconium,  like  silicon,  is  capable  of  existing  in  three  different 
states,  amorphous,  cystalline,  ana  craphitoidaL  \rhe  amorphous  and 
crystaUiae  varieties  are  obtained  by  processes  similar  to  those 
described  for  preparing  the  corresponoing  modifications  of  silicium  ; 
craphitoidal  zirconium  was  obtamed,  by  Troost,  in  attempting  to 
decompose  sodium  zirconate  with  iron,  in  li^ht  scales  of  a  steel-grey 
colour.  Amorphous  zirconium  when  heated  in  the  air  takes  fire  at 
a  heat  somewhat  below  redness,  and  bums  with  a  bright  light 
forming  zirconia.  Crystalline  zirconium  forms  very  hard  brittle 
scales  resembling  antimony  in  colour  and  lustre ;  it  bums  in  the  air 
only  at  the  heat  of  the  oxy-hydrogen  blowpipe,  but  takes  fire  at  a 
red  heat  in  chlorine  gas.  Zirconium  is  but  utUe  attacked  by  the  - 
ordinary  acids  ;  but  hydrofluoric  acid  dissolves  it  readily,  with 
evolution  of  hydrogen. 

Zirconium  Oxide,  or  Zirconia,  ZrOg,  is  prepared  by  strongly  ignit- 
ing zircon  (zirconium  silicate),  wi^  four  times  its  weight  of  dry  sodium 
carbonate  and  a  small  quantity  of  sodium  hydrate.    The  silica  is 
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separated  from  tlie  fused  moM  by  hydrochloric  tuud,  as  dewribed  in 
tilt  fuse  of  liervUia;  the  reBulting  solntion  is  treated  with  amnioiua. 
which  throws  down  zirconia  seDerally  mixed  with  ferric  oxide  ;  the 
precipitate  is  redistoJved  in  ETdrocliloric  acid  ;  and  the  Holution  i» 
boik'd  with  excess  of  sodium  tbioaulphate  as  lonij;  aa  sulphurou^i  ucid 
continues  to  escape,  whetehy  pure  diconia  ie  ^recipital^,  the  whole 
of  the  irou  lemaiiiing  in  the  solution.  Zircoua  thus  obtained  fonoi 
a  whii«  powder,  or  hard  lumps,  of  irpeciGc  gravity  4'35  to  4*9.  By 
fusin'r  it  with  boi&x  in  a  pottery  lumace  and  diHsolvins  out  the 
eoluble  salts  with  hydrochloric  acid,  zirconia  ia  obtained  in  snud! 
quadratic  prisms  iiomorphous  with  the  native  oxides  of  tin  and 

Zirconium  hydrates  are  obtained  by  precipitating  the  solution  of 
e  zirconium  salt  with  ammonia  ;  the  precipitate  contains  ZrH,Oj= 
ZrO..U,0,  or  2rH,0,=ZrO,aH,0,  according  to  the  temperatnw 
at  widch  it  is  dried. 

Zirccinia  acts  both  as  a  base  and  as  tui  acid.  After  ijiuition  it  is 
insoluble  in  all  acids  except  hydrofluoric  and  very  strong  snlphnric 
acid,  but  the  hydrate  dissolves  easily  in  acids,  forming  the  zirconitim 
salts  ;  the  normal  aulphnte  lias  the  composition  ZKSO,)^  oi 
2rO;.2S03. 

Compouiidsofzirconiawith  the  stronger  bases,  called  zircon  a  tes, 
are  obtained  by  preeipilatinf;  a  zirconium  salt  with  potash  or  soda, 
or  by  igniting  zirconia  VMth  an  alkaline  hydrate.  J'otaf^uin 
xirconale  dissolves  completely  in  water.  Three  toilium  zireouata 
have  buen  fonned,  containiiiK  NojZrOj^-NasO.ZrOj  ;  Na.ZrO,= 
2NajO.ZrOj  ;  and  KftjZrjOij  =  Naj0.8ZtOj. 

Zirconium  Fluoride,  ZrF,. — This  compound  is  obtained  by  dis- 
solving zirciinia,  or  the  hydrate,  in  hydnduoric  acid ;  or  in  the  anhv- 
drous*  slate,  by  igniting  zirconia  with  anunoniumand  hydri^jen  fluoride 
till  all  the  ammonium  fluoride  ia  driven  off.  It  unites  with  other 
metallic  lluorides,  forming  double  salts,  called  zircofluoridea  or 
fluozireonatea,  which  ore  isomorphous  with  the  corresponding 
silieo fluorides,  stannofluorides,  and  titanofluorides,  and  ore  mostly 
represented  by  the  forniulte— 

4MF.ZrF,;     3MF.ZrF,;     SMF.ZrF,;     MF.ZrF, , 
in  which  M  denotes  a  monad  metaL    The  sodium  salt,  however,  has 
the  composition  5NaF.3ZrF,. 


THOBINUK,   or  THOBIITM. 

Atomic  weight,  231'5.     Symbol,  Th. 

This  very  rare  metal  was  discovered  in  1828  by  Berzelius,  in 
thorite,  a  mineral  from  the  Norwegian  island  Lovon,  in  which  it 
exists  as  a  silicate.  It  has  since  been  found  in  euxenite,  pyrochlore, 
and  a  few  other  mmeials,  aU.  very  scarce. 
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Metallic  thorinmn  is  obtained  by  reducing  the  chloride  with 
potassium  or  sodium,  as  a  grey  powder,  which  acquires  metallic  lustre 
07  pressure^  and  has  a  density  of  7*66  to  7*9.  It  is  not  oxidised  hj 
water,  dissolves  easily  in  nitnc,  slowly  in  hydrochloric  acid,  and  is 
not  attacked  by  caustic  alkalis. 

Thorinum  forms  but  one  class  of  compounds,  in  all  of  which  it  is 
quadrivalent. 

Thorinum  Oxide,  or  Thorina,  ThO^,  is  prepared  by  decomposing 
thorite  with  hydrochloric  acid,  separating  the  silica  in  the  usufi3 
way,  treating  the  filtered  solution  with  hydrogen  sulphide  to  separate 
lead  and  tin,  and  precipitating  the  thorina  by  ammonia,  together  with 
small  quantities  of  the  oxides  of  iron,  manganese,  and  uranium.  To 
get  rid  of  these,  the  precipitate  is  redissolved  in  hydrochloric  acidj 
and  the  hot  saturatea  solution  is  boiled  with  a  solution  of  neutral 
potassium  sulphate.  The  thorinum  is  thereby  precipitated  as 
thorinum  and  potassium  sulphate ;  and  from  the  solution  of  this 
salt  in  hot  water,  the  thorinum  is  precipitated  by  alkalis  as  a  hydrate, 
which,  on  i^tion,  yields  pure  thorina. 

Thorina  is  white,  and  very  heavy,  its  specific  gravity  being  9*402. 
After  ignition  it  is  insoluble  in  nitric  and  hydrochloric  acids,  and 
dissolves  in  strong  sulphuric  add  only  after  prolonged  heating. 
The  hydrate,  prcipitated  &om  thorinum  salts  by  alk^us,  dissolves 
easily  in  acids. 

Thorinum  Chloride,  ThCl.,  prepared  by  igniting  an  intimate 
mixture  of  thorina  and  charcoal  in  cnlorine  gas,  sublimes  in  white 
shining  crystals.  It  forms  double  salts  witn  the  chlorides  of  the 
alkali-metals.  • 

Thorinum  Sulphate,  Th(S04)2,  crystallises  with  various  quanti- 
ties of  water,  according  to  the  temperature  at  which  its  solution  is 
evaporated.  Thorinum  and  potcumum  sulphaUy  ThK4(S04)4.2H20, 
separates  as  a  crystalline  powder  when  a  crust  of  potassium  sulphate 
is  suspended  in  a  solution  of  thorinum  sulphate.  It  is  easily  soluble 
in  water,  but  insoluble  in  alcohol  and  in  solution  of  potassium 
sulphate. 


CEBIXTU:.— LANTHANUM.— DIDYMIXTM. 

Ce=188.— La=139.— Di=14476. 

These  three  metals  occur  together  as  silicates  in  the  Swedish 
mineral  cerite,  also  io  allanite,  orthite,  and  a  few  others  ;  and  as 
phosphates  in  monazite,  edwardsite,  and  cryptolite,  a  mineral  occur- 
ring dissemioated  through  apatite  and  through  certain  cobalt  ores. 
Cerium  was  discovered  in  1803  bv  E^laproth,  and  by  Hisinger  and 
Berzelius,  who  obtained  it  in  the  toTm  of  oxide  from  cerite.  This 
mineral  is  completely  decomposed  by  boiling  with  strong  hydro- 
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cbloric  acid,  siliea  bein^  BeparotHl,  &nd  the  cerium,  tocetlier  with 
iroQ  nnd  otber  metoU,  diBBolving  as  chloride.  On  treating  the  add 
Bolution  thus  obtained  with  omUc  acid,  carinni  oxalate  is  precipi- 
tated HB  a  white  ciyetalline  powder,  which,  when  ipitt«d,  leaves  « 
brown  oxide.  The  product  thua  obtamed  was  for  some  time 
reganledae  the  niide  of  a  single  metal,  cerinm  ;  bat  in  1639aiid 
1S41,  Moaandei'"'  showed  that  it  contoiaed  the  oxides  of  two  other 
metali-,  which  he  desicnaled  aa  lanthanumt  and  didyminm.1 

Cerium  oiide  ma^  be  separated  from  the  oxides  of  lanthanum  and 
didyiuium  by  treatiog  the  crude  brown  oxide  above  mentioned,  firR 
with  ililnta  and  then  with  strong  nitric  acid,  which  gradually 
reniovea  the  whole  of  the  lanthanum  and  didvmiutn  oxides. 

TliP  separation  of  these  two  oxides  one  from  the  other  is  much 
more  difficult,  and  can  be  effected  only  by  successive  cryBtalliestion 
of  tlifir  sulphates.  It  the  knthanum  salt  is  in  excesn,  in  which 
case  the  solution  of  the  mixed  eidphates  has  only  a  faint  amethyst 
tinjie,  the  liiiuid  is  evaporated  to  dryneas,  and  the  residue  heat«d  to 
a  temperataTBiust  below  redness,  to  render  thesntphatasanhydroDa. 
The  residue  tDus  obtained  is  then  to  be  added  by  small  portions  to 
ice-cold  water,  which  dissolves  it  easily,  and  the  resulting  solution 
beat?:!  in  a  water-bath  to  iiliont  40°.  Lmtlianiim  sulpb.'.te  then 
crystallises  out,  containing  only  a  small  quantity  of  didymium,  and 
may  be  further  purified  by  repeating  the  whole  process.  If,  on  the 
other  hand,  the  didymium  salt  is  in  excess,  in  which  case  the 
liquid  has  a  decided  rose  colour,  ecparotion  may  be  effected  bv 
leaving  the  acid  solution  in  a  warm  place  for  a  day  or  two.  I>idv- 
mium  sulphate  then  Beparates  in  larue  rhombohedial  crystala 

Metallic  cerium,  lanthanum,  ana  didymium  are  obtained  bv 
reducing  the  chlorides  with  sodium,  in  the  form  of  grey  powders, 
which  decompose  water  at  ordinary  temperatures,  antl  dissolve 
rapidly  in  dilute  acids  with  evolution  of  hydrogen. 

Atomic  Weights  and  QvantivaUnce. — According  to  the  atomic 
weights  hitherto  assipied  to  these  three  metals,  viz..  Ce=:9S. 
La=93'6,  Di=95  (see  Table  on  page  3),  lanthanum  and  didymium 
should  be  dyads,  forming  chlorides  and  oxides  of  the  types  RCL  and 
EO,  and  cerium  should  be  classed  with  the  iron-metals.  Mendefej^, 
however,  as  abeady  observed,  proposed  to  alter  the  atomic  weight* 
in  accordance  with  the  periodic  law  of  the  elements,  making  Bi  =  13S 
(triad),  Ce  =  140,  La  =  180  (tetrads).  But  according  to  recent  deler- 
minations  of  the  specific  heats  of  these  three  metals,  it  would  appear 
that  in  theirmoBtstablecombinations  they  areall  three  triadic  ortri- 
valent.  Hillebrandll  finds  for  the  xpeciBc  heats  the  following  values: — 
Ce  La  Di 

0-0479  004485  0-04653, 

and  Mendelejeff  finds  for  cerium  the  number  0-050.    Now  these 

•  PoggendorlTa  Annalen,  ilvi 
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nam1)eT8,  multiplied  by  the  hitherto  received  atomic  weights  of  the 
respectiye  metals,  give  for  the  atomic  heats  the  values  4*12,  4*15, 
aha  4*40,  which  do  not  a^ee  with  the  law  of  Dulong  and  Petit 
(p.  248) ;  but  if  these  atomic  weights  are  increased  in  the  ratio  of  2  to 
3,  which  amounts  to  making  their  lower  oxides  sesquioxides  R2^s 
instead  of  monoiddes  RO,  their  values,  with  small  corrections, 
according  to  recent  analyses  by  Hillebrand,  become 

Ce  La  Di 

138  139  144*75, 

giving  for  the  atomic  heats,  the  values 

618  6*23  6*60, 

which  are  in  accordance  with  the  general  law. 

Oeriuin  forms  two  series  of  compounds,  viz.,  the  cerous  com- 
pounds, in  which  it  is  trivalent,  as  above  stated,  e.g,y  CeCL,  CcjOj, 
Cej(S04)3 ;  and  the  eerie  compounds  in  which  it  is  qua<mvalent, 
e.g.,  eerie  oxide,  CeOj  [formerly  ceroso-ceric  oxide  CejOJ,  eerie 
sulphate  Ce(S0J2  *  &c.  There  are  also  two  fluorine-compounds  of 
cenum,  in  which  it  appears  to  have  still  higher  equivalent  values. 

Cercms  oxides  CeoOj,  is  obtained  by  igniting  the  carbonate  or  oxalate 
in  a  current  of  nydrogen,  as  a  greyish-blue  powder,  quickly  con- 
verted into  eerie  oxide  on  exposure  to  the  air.  Its  salts  are  colour- 
less. The  stUpJuitej  OeJSO^)^  crystalHses  with  various  Quantities 
of  water,  according  to  the  temperature  at  which  it  is  aeposited. 
Cerium  and  potasHvm  ndfhaU,  CeK3(S0^3,  separates  as  a  white 
powder  on  immersing  solid  potassium  sulphate  in  a  solution  of  a 
cerous  salt  It  is  slightly  soluble  in  pure  water,  but  insoluble  in  a 
saturated  solution  of  potassium  sulpnate.  The  formation  of  this 
salt  affords  the  means  of  separating  cerium  from  most  other  metals. 

Cetic  OQcidey  CeO^)  is  produced  when  cerous  hydrate,  carbonate,  or 
nitrate  is  ignited  in  an  open  vessel  It  is  yellowish-white,  acquires 
a  deep  orange-red  colour  when  heated,  but  recovers  its  original  tint 
on  cooling.  It  is  not  converted  into  a  higher  oxide  by  ignition  in 
oxygen.  Ceric  hydrate^  2Ce0^3H20,  obtained  b^  passing  chlorine 
into  aqueous  potash  in  whien  cerous  hydrate  is  suspended,  is  a 
bright  yellow  precipitate,  which  dissolves  readily  in  sulphuric  and 
nitric  acids,  forming  yellow  solutions  of  eerie  salts  ;  ana  in  hydro- 
chloric acid,  with  evolution  of  chlorine,  forming  colourless  cerous 
chloride. 

The  solution  of  the  sulphate  yields  by  spontaneous  evaporation, 

first,  brown-red  crystals  of  a  eeroio-eeric  salty  ©(wgny  c  +^*"1*» 

and  afterwards  yellow  indistinctly  crystalline  ceric  nuphaUf  Ce(S04)2. 
4aq. 

*  If  these  formula  be  doubled,  the  ceric  compounds  may  also  be  regarded 
18  containing  trivalent  cerium,  e»g.,  Cefi^  ^'  1    i      '  * 


Lanthanum  forms  only  oiu*  st-t  of  conq 
[/i,  S()^)3.  TluTe  is,  liowewr,  a  liiji^lier  > 
which  is  not  exactly  known.  Lanthanum  , 
solutions  yield,  "^^ith  alkalis,  a  precipitiite 
LaHsOs,  which,  when  ignited,  leaves  the 
oxide.  Both  the  hydroxide  and  the  anhyd 
in  acids.  Lanthanum  ndpJujUe  forms  small  p 
ing  La2(S04)3.9H^O .  Lanthanwn  amd  potas 
is  formed,  on  mixing  the  solution  of  a  lanthi 
sulphate,  as  a  white  crystalline  precipitat 
sponding  cerium  salt 

Didymimn  salts  are  rose-coloured,  and 
alkalis,  a  pale  rose-coloured  precipitate  of 
which,  when  ignited  in  a  coverea  crucibl 
monoxide,  Di^Oj,  in  white,  hard  lumps. 
hydroxide,  nitrate,  carbonate,  or  oxalate  of 
contact  with  the  air,  and  not  very  strongly 
is  left,  containing  from  0*8  to  09  per  cent 
monoxide.  This,  when  treated  with  acids, 
off  oxygen  and  yielding  a  salt  of  the  monox 

Diaymium  sulphate  separates  from  an  acid 
evaporation,  in  well-defined  rhombohed: 
numerous  secondary  faces,  and  containing  1 
isomorphous  with  the  similarly  constitute 
aud  erbium.  The  sulphate  is  more 
in  hot  water,  and  a  solution  saturated 
when  heated  to  the  boiling-point,  a  crys 
ingpi,(S0^3.6aa. 

Didymium  and  poiassiwm  sulphate,    Dil 
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YTTBIXTM   AND   E&BIXTM. 

Y=92.    Eb=168-9. 

These  metals  exist  as  silicates  in  the  gadolinite  or  ytterbite  of 
Ytterby  in  Sweden,  and  in  a  few  other  rare  minerals.  A  third 
metal,  called  terbium,  has  also  been  supposed  to  be  associated  with 
them  ;  but  recent  experiments,  especially  those  of  Bahr  and  Bunsen,**^ 
have  thrown  very  great  doubt  upon  its  existence. 

To  obtain  the  earths,  yttria  and  erbia,  in  the  separate  state, 
gadolinite  is  digested  with  hydrochloric  acid,  and  the  solution 
separated  from  the  silica  is  treated  with  oxalic  acid,  which  throws 
down  the  oxalates  of  erbium  and  yttrium,  together  with  those  of 
calcium,  cerium,  lanthanum,  and  md^rmium.  These  oxalates  are 
converted  into  nitrates ;  the  solution  is  treated  with  excess  of  solid 
potassium  sulphate,  to  separate  the  cerium  metals  ;  the  erbium  and 
yttrium,  whicn  still  remain  in  solution,  are  acain  precipitated  by 
oxalic  acid  ;  and  the  same  treatment  is  repeated,  till  the  solution  of 
the  mixed  earths,  when  examined  by  the  spectral  apparatus,  no 
longer  exhibits  the  absorption-bands  characteristic  of  didymium. 
To  separate  the  erbia  ana  yttria,  they  are  again  precipitated  by 
oxalic  acid.  The  oxalates  are  converte<^  into  nitrates,  and  the 
nitrates  of  erbium  and  vttrium  are  separated  by  a  series  of  fractional 
crystallisations,  the  erbium  salt  being  the  less  soluble  of  the  two, 
and  crystallising  out  first ;  but  the  process  requires  attention  to  a 
number  of  detaus,  which  cannot  be  here  described  f 

Metallic  erbium  has  not  been  isolated.  Yttrium  (containing 
erbiimi)  was  obtained  by  Berzelius,  as  a  blackish  grey  powder,  by 
igniting  yttrium  chloride  with  potasrium. 

Yttnum  and  erbium  have  hitherto  been  regarded  as  dyads,  with 
the  atomic  weights  Y  =  61  "7,  Eb  =  112*6;  but  the  close  analogy  of 
their  compound  to  those  of  lanthanum  and  didymium  renders  it 
more  prolmble  that  they  are  triads,  with  the  higher  atomic  weights 
above  given.  In  the  absence,  however,  of  exact  determinations  of 
the  specific  heats  of  these  metals,  the  question  must  for  the  present 
be  regarded  as  imdecided. 

Erbia,  EbjOj,  obtained  by  ignition  of  erbium  nitrate  or  oxalate, 
has  a  faint  rose  colour.  It  does  not  melt  at  the  strongest  white  heat, 
but  aggregates  to  a  spongy  mass,  glowing  with  an  intense  green 
light,  which,  when  examined  by  the  spectroscope,  exhibits  a 
continxums  spectrum  intersected  by  a  number  of  bright  bands. 
Solutions  of  erbium-salts,  on  the  other  hand,  give  an  absorption- 
spectrum  exhibiting  dark  bands,  and  (he  points  cfmaxvntwm  intensify 
of  the  light  bands  in  the  emission-spectrwm  ofgtowing  erbia  coincide 
exactly  in  position  with  the  points  of  greatest  darkness  in  (he  ahsorp' 

*  Ann.  Ch.  Pharm.  cxxzvii.  1. 

t  See  Watts's  Dictionary  of  Chemistry,  yol.  ▼.  p.  721. 

FOWNEfl.— TOL,  L  'i*  ^ 
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Hon  tpectfwtt.  The  position  of  these  bands  is  totally  different  from 
tiiose  bi  tlie  emission  and  abeorption-spectra  of  didyniium.'* 

Erbium  Baits  have  a  rose-red  colour,  deeper  in  the  hj-dmted  than 
in  the  anhydroDH  sUte )  they  have  an  acid  reaction  otid  EWe«t 
astriniji'nt  tasw.  The  tuiphatt,  3EbS04.8  aq.,  forma  light  rosie- 
coiouieii  cTy§Uls,  itwinorpaoua  with  the  BiUphates  of  yttrium  and 
didymiiun. 

Ff /riu,  Y,0,p  is  a  soft,  nearly  white  rwwder,  which  when  ignit*d 
glows  with  a  pure  white  light,  and  jrielos  s  spectrum  not  eontaining 
any  brii;bt  bands,  like  that  of  erlrta.  It  does  not  miito  direct)^-  wita 
water,  nut  is  preduitated  as  a  hydrate  by  alkalis,  from  solntions  of 
yttri  11  Ill-suits,  It  dissolves  slowly  but  conipletflly  in  hydrochloric, 
nilric,  and  sulphuric  acids,  forming  colourless  solutions,  which  Aa 
not  exhibit  an  nbsorption-spectnun. 

Yllnaia  sidphati,  Y,(SOJj.S  aq.,  forms  small  coIourlcM  crystala, 

BeaetivM  of  the  F4aTth-melal». 

1.  All  these  laetals  are  precipitftted  from  their  folntiona  \>y 
ammonium  sulphide,  as  hydrates,  not  as  sulphides.  They  are  rot 
preuipitated  by  hydmjii-n  Hiil|>bid,-. 

2.  The  hydratesof altiminiiiin andlwrj-Uiura aresoluUein  cnvslic 
potaA ;  those  of  the  other  earth-metals  are  insoluble. 

3.  Beryllium  hydrate  dissolves  in  a  cold  saturated  solution  of 
ammonium  f«r(ioiKi(e,  and  is  precipitated,  as  l^a^bllnnte,  on  boiling*. 
Alumiitiuni  bvdrate  U  in^^luble  in  ammonium  carlHinute  (sue 
further,  p.  395). 

4.  Of  the  eoith-nietols  whose  hydrates  are  Insoluble  in  pitnsh, — 
namely,  zirconium,  thoriaum,  cerium,  tauthantiiii,  diilyniimu, 
erbium,  and  yttriun), — zirconium  and  thorinum  may  be  precijutateil 
as  thiosulphates  by  boiliu){  the  solution  with  sodivm  Ihi-osulphate, 
the  other  metals  remaining  in  solution.  The  precipitate  whvn 
igniteil  leaves  pure  drconia  ami  tborinu,  or  a  mixture  of  the  two. 

f>.  Zirconium  and  thorinum  may  be  separated  one  from  the  ntlier 
by  niHOUR  oiamiiioninm,  antUil.        ''  '  ■■  ■  ■ 

preciiutjites  the  tliorinum  a 

6.  Curium,  lanthnniim,  niiil  didymiiim  are  sep.imted  ft-nni  yttrium 
and  erbium  by  adding  un  excess  ot  potamam  »ulphnle,  which  llimws 
iluwn  the  cerium  luetiils,  leani^  yttrium  and  erbium  in  solution  ;  to 
ensure  complete  iirecipitution,  the  solution  must  be  left  in  contact 
for  siiiiie  time  with  a  piece  of  solid  jiotassium  sulphate, 

Cerium  may  lie  se]iarated  from  lanthanum  and  didymiun),  as 
already  Dl)served,  by  treiitinR  the  mixed  oxides  several  times  with 
nitric  eu-id  (p.  3U8).  Another  method  is  to  boil  the  mixed  oxides 
(the  cf-rinm  l)eimr  in  the  state  of  eerie  oiiJe)  with  solution  of 
^al-ammnnuic.     The    lanthanum  and  diilymium    then    gradually 

*  TJiB  paper  liy  Bnbr  Mid  Bviani'ii,  nhnve  refprn'd  to,  is  accompanied  bj- 
ejrnct  din^rauis  oi  the  erbiuin  aoA  iW'S'niTOiii  *^t«.ts„ 
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dissolve,  as  chlorides,  while  the  cerium  remains  as  eerie  oxide. 
A  third  method  is  to  precipitate  the  solution  of  the  three  metals 
with  excess  of  i)otash,  and  pass  chlorine  in  excess  through  the  solution 
and  precipitate  ;  the  cerium  is  then  separated  as  hright  yellow 
eerie  hydrate,  while  the  lanthanum  and  didymium  redissolve 
as  chlorides.  This  reaction  serves  to  detect  very  small  quantities  of 
cerium  mixed  with  the  other  two  metals.  Cerium  is  further 
distinguished  by  the  light-yellow  colour  of  anhydrous  eerie 
oxide,  and  by  the  reaction  of  its  compounds,  when  fused  before  tne 
blowpipe  with  borax  or  phosphorus  salt,  the  glass  thus  formed  being 
deep  red  while  hot,  and  becoming  colourless  on  cooling.  Didymium 
is  distinguished  by  the  dark-brown  colour  of  its  higher  oxide ;  by  the 
pale  rose-colour  which  its  salts  impart  to  a  bead  of  borax  or 
phosphorus  salt ;  and  by  the  peculiar  character  of  its  absorption- 
spectrum  (p.  400). 

The  methods  of  separating  lanthanum  from  didymium,  and 
yttrium  from  erbium — impenect  at  the  best — have  been  already 
noticed. 


Manufacture  op  Glass,  Porcelain,  and  Earthenware. 

Glass. — Glass  is  a  mixture  of  .various  insoluble  silicates  with 
excet^s  of  silica,  altogether  destitute  of  crystalline  structure  ;  the 
simple  silicates,  formed  by  fusing  the  bases  with  silicic  acid  in 
ecjuivalent  proportions,  very  often  crystallise,  which  happens  also 
with  the  greater  nimiber  of  the  natural  silicates  included  among  the 
earthy  minerals.  Compounds  identical  with  some  of  these  are  also 
occasionally  formed  in  artificial  processes,  where  laige  masses  of 
melted  glassy  matter  are  suffered  to  cool  slowly.  The  alkaline 
silicates,  when  in  a  state  of  fusion,  have  the  power  of  dissolving  a 
large  quantitjr  of  silica. 

Two  principal  varieties  of  ^lass  are  met  with  in  commerce,  namely, 
glass  composed  of  silica,  alkah,  and  lime  ;  and  glass  containing  a  large 

Proportion  of  lead  silicate  :  crovm  and  plate  glais  belong  to  the  former 
i  vision ;  flint  glass,  and  the  material  of  artificial  gems,  to  the 
latter.  The  lead  promotes  fusibility,  and  confers  also  density 
and  lustre.  Common  green  bottle-glass  contains  no  lead,  but  much 
silicate  of  iron,  derived  from  the  impure  materials.  The  principle 
of  the  glass  manufacture  is  very  simple.  Silica,  in  the  shape  of 
sand,  is  heated  with  potassium  or  sodium  carbonate,  and  slaked  lime 
or  lead  oxide ;  at  a  high  temperature,  fusion  and  combination  occur, 
and  the  carbonic  acid  is  expelled.  Glauber's  salt  mixed  with  char- 
coal is  sometimes  substituted  for  soda.  When  the  melted  mass  has 
become  perfectly  clear  and  free  from  air-bubbles,  it  is  left  to  cool 
until  it  assumes  the  peculiar  tenacious  condition  proper  for  working. 
The  operation  of  fusion  is  conducted  in  large  crucibles  of  refractOGpy 
fire-clay,  which  in  the  case  of  lead-glass  are  covered  by  a  dome  at 
the  top,  and  have  an  opening  at  the  side,  by  which  the  materials  are 
introduced,  and  the  melted  glasa  withdrawn.    Gt«&\>  oas&S&^^^ist^sAK^ 
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in  the  choice  of  tbe  sand,  which  must  be  quitti  white  an<i  free  from 
iron  oxide.  B«d  load,  one  of  the  biuber  oxidea,  m  pieferred  to 
lilhiiryi',  although  immediately  reduced  to  mononde  by  the  heat, 
the  liberated  oxygen  serving  to  destroy  any  combiietible  matter  that 
might  uccidentally  find  ite  way  into  the  crucible,  and  stain  the  ^'laas 
by  TL-diicing  a  portion  of  the  lead.  Potash  gives  a  better  glnsa  than 
soda,  although  the  latter  is  very  generally  employed,  from  its  lower 
price.  A  certain  proportion  of  broken  tuid  waate  glass  of  tte  etune 
kind  is  alwins  added  to  the  other  materials. 

Artii'les  of  blown  glaas  are  thus  made  :  The  workman  be^im  by 
coUcetin<r  a  proper  qiiajitity  of  soft  paaly  glass  at  the  end  of  his  Uou- 
pipe,  an  iron  tuoe  five  or  eix  feet  in  length,  terminated  by  a  mouth- 
piece of  wood;  he  then  begins  blowing,  by  which  the  lump  is 
expanded  into  a  kind  of  flaek,  suseeptiblc  of  having  ita  form  modified 
by  the  position  in  which  it  is  held,  and  the  velocity  of  lolatioa 
continuully  given  to  the  iron  tube.  If  on  open-mouthed  vessel  is 
to  be  iijode,  an  iron  rod,  called  apontU  arpunlil,  ia  dipped  into  the 
gloKs  pot  and  applied  to  the  bottom  of  Uie  flank,  to  which  it  thtu 
serves  as  a  handle,  the  blowpipe  being  removed  by  tbe  application 
of  a  cold  iron  to  the  neck.  The  vessel  is  then  rebeate.1  at  n  h...le  Itit 
for  the  jiurpoac  in  the  wall  of  the  furnace,  the  aperture  enliii^jeii, 
and  the  ve-ssel  otherwise  altered  in  figure  by  the  aid  of  a  few  simple 
tooK  until  completed.  It  is  tlteu  detached,  and  carried  to  the 
annealing  oven,  where  it  undergoes  slow  and  gradual  cooling  during 
many  knuni,  the  object  of  which  is  to  obviate  the  excessive  bnltleni-Ks 
always  exliibited  by  glass  which  has  been  (]uickly  cooled.  The 
large  circular  InbUs  of  crown  glass  arc  made  by  a  very  curious 
process  of  this  kind;  the  globular  flask  at  tirKtproduce<l,transfemKl 
uvni  the  hlowpi|ie  to  the  pontil,  is  suddenly  made  to  assume  the 
form  of  a  tiat  disc  by  the  centrifugal  force  of  the  rapid  rotatory 
movement  given  to  the  rod.  Plate  glass  is  cast  upon  a  flat  metal 
table,  mid,  after  very  careful  auuealing,  ground  true  and  polished  by 
Huitable  machiuery.  Tulies  are  made  ly  rapidly  drawing  out  ii 
hollow  cylinder ;  and  from  these  a  great  variety  of  useful  small 
apimmtus  may  be  constructed  with  the  help  of  a  lamp  and  blow- 
pipe, or,  still  better,  the  bellows  table  of  the  baronieter-niijter. 
Small  tubes  may  be  beut  in  the  flame  of  u  spirit-lamiior  gus-iet,  and 
cut  with  great  eiise  by  a  tile,  a  scratch  being  made,  and  the  two 
portions  pulled  or  broken  asunder  in  a  way  easily  learned  by  a 
few  trials. 

a  of  the  two  chief  varieties  of  glass  gave  the  following 
:s  oil  analysis  : — 


SiUcii 


Silici 


English  Hint  kIui 
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The  difficultly  fusible  white  Bohemian  tube,  so  valuable  in  organic 
analysis,  has  been  found  to  contain,  in  100  parts — 

Silica, 72-80 

Lime,  with  trace  of  alumina,        .        .        .  9*68 

Magnesia, *40 

Potassium  oxide, 16'80 

Traces  of  manganese,  &a,  and  loss,      .        .  *32 

Different  colours  are  oft«n  communicated  to  ^lass  by  metallic 
oxides.  Thus,  oxide  of  cobalt  gives  deep  blue  ;  oxide  of  manganese, 
amethyst ;  cuprous  oxide,  ruby-red ;  cupric  oxide,  green ;  the  oxides 
of  iron,  dull  green  or  brown,  &c  These  are  either  added  to  the 
melted  contents  of  the  glass-pot,  in  which  they  dissolve,  or  applied 
in  a  particular  manner  to  the  surface  of  the  plate  or  other  object, 
which  is  then  reheated,  imtil  fusion  of  the  colouring  matter 
occurs :  such  is  the  practice  of  enamelling  and  glass-paintmg.  An 
opaque  white  appearance  is  given  by  oxide  of  tin ;  the  enamel  of 
watch-faces  is  thus  prepared. 

Toughened  Glass, — When  ordinary  glass  is  heated  till- it  begins  to 
soften,  then  plunged  into  melted  paraffin,  wax,  or  other  substance 
meltine  at  a  comparatively  low  temperature,  and  then  left  to  cool 
gradually,  it  becomes  very  tough,  so  that  it  may  be  struck  or  thrown 
on  the  ground  without  breaSdnc.  It  has  also  acquired  greater 
power  oi  resisting  heat,  and  may  be  heated  to  redness,  then  oipped 
mto  cold  water,  and  whilst  wet  again  held  in  the  flame,  without 
injury.  Hence  it*  is  well  adapted  for  lamp-chimneys  and  for 
culinaiy  vessels.  When  it  does  break,  however,  it  splits  up  into  a 
multitude  of  minute  angular  fragments,  indicating  a  crystalline 
structure,  the  existence  of  which  is  conflnned  by  the  appearance  of 
the  toughened  glass  in  polarised  light. 

Soluble  Glass. — When  silica  is  melted  with  twice  its  weight  of  potas- 
sium or  sodium  carbonate,  and  the  product  treated  with  water,  the 
greater  part  dissolves, 'yielding  a  solution  from  which  acids  precipitate 
gelatinous  silica.  Tlus  is  solvbU  gUus  or  water  glass;  its  solution  has 
Seen  used  for  rendering  muslin  and  other  fabrics  of  cotton  or  linen 
less  combustible,  for  making  artificial  stone,  and  preserving  natural 
stone  from  decay,  and  for  a  peculiar  style  of  mum  painting  called 
stereochromy.* 

Porcelain  and  Earthenware. — The  plasticity  of  natural  clays, 
and  their  hardening  when  exposed  to  heat,  are  properties  which 
suggested  in  very  early  times  their  application  to  the  making  of 
vessels  for  the  various  purposes  of  daily  life :  there  are  few  branches 
of  industry  of  higher  antiquity  than  that  exercised  bv  the  potter. 

True  porcelain  is  distinguish^  from  earthenware  oy  very  obvious 
characters.  In  porcelain  the  body  of  the  ware  is  very  compact  and 
translucent,  and  breaks  with  a  conchoifdal  fracture,  symptomatic  of 

*  See  Richardson  and  Watts's  Chemical  Technology,  vol  L  part  iv.  pp. 
69-104. 
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a  I'DinDiencement  of  fuaon.    The  glaze,  too,  applied  tor  giving  s 

CftcLly  snuHith  Eurtaee,  u  closely  adherent,  and,  in  fact,  gnuluatce 
instiisible  degreeH  into  tbe  BubHtance  of  the  liod^'.  In  eorthen- 
vate,  iin  the  coatraiy,  the  ftoeture  in  open  oiid  earthy,  and  tbe 
pla/u  detachable  «-ith  greater  (ii  leae  fBcility.  The  compact  and 
partly  i,'Ifts«y  character  of  porcelain  ie  the  reanlt  of  the  admixtune 
with  tbe  clay  of  a  Binall  portion  of  «ome  eulntance  euch  as  f&l»psiy 
or  a  ciilcic  or  alkuline  nilicate,  which  ie  ftudble  at  the  temperatuie 
tt)  wliit'h  tbe  ware  is  exposed  when  baked  or  fired,  and  beios 
absorbed  by  the  lew  faitible  pirtion,  binds  the  whole  into  a  solra 
I   cooling.     The   clay   employed    in    poruelain-makiiii 


I 


alwayti  directly  derived  from  deconip<wed  felspar,  none  of  the  cJays 
of  ttiu  secondary  stratu  being  pure  enough  for  the  pnrpoiH.> :  it 
must  be  white,   and    free    Iroin    iron    oxide.     To     diminish   tlk» 


coninitliob  which  thie  mbatance  nndergoee  in  the  fire,  a  ([uatiUtf  of 
linely  divided  silica,  carefully^  prepared  by  crushing  and  grind- 
ing calcined  flints  or  chert,  is  added,  together  with  a  prapec 
prdpurtion  of  felspar  or  other  fneible  material,  also  r«<luMdJ 
l«  impalpable  powder.  The  utmost  pains  are  taken  to  t-fCedkS 
perfect  liiifomuty  of  mixture,  and  to  avoid  the  introduction  af™ 
partielei'  of  grit,  or  other  foreipn  hodiec.  Tlic  w:ire  itself  ia 
fashioned  either  on  the  potter's  wheel — a  kind  of  vertical  lathe — or 
in  moulds  of  plaster  of  Paris,  and  dried  first  in  the  air,  aiU^rwanls 
by  artificial  heat,  and  at  length  completely  hanlennl  liy  e\]<ORiin!  to 
the  temperature  of  ignition.  The  porous  fewcmV  is  now  lit  to  ivteivt? 
its  glaze,  which  may  be  either  (.'ronnd  felRpar,  or  a  mixture  of 
erpum,  silica,  and  a  little  porcelain  clay,  diifu'^eil  throii^'h  water. 
The  piece  is  dipped  tor  a  moment  into  this  miKliira,  and  uilbdiun  ii ; 
the  water  sinks  into  its  substance,  and  the  powder  remains  (-venly 
Bpread  iimin  its  surfiice ;  it  is  once  more  dried,  and,  lastly,  fin-d  at 
an  exo-cdingly  hi|;h  temperature. 

The  iJijitclain-liiniace  is  a  circular  strncture  of  masonry,  having 
several  fire-plnccs,  and  surmounted  by  a  lofty  dome.  Dry  wood  or 
coal  is  conimnie^l  «s  fuel,  and  its  flame  directed  into  tbe  interior,  and 
matle  to  circulate  aronnd  and  among  the  earthen  caw:,  or  te'jiiiirit,  in 
which  tlie  articles  to  be  fired  are  paukeib  Manv  boura  are  reijuired 
for  this  ojiemtion,  which  must  be  very  carefully  innuii(,'ed.  Afl*r 
the  ln)i^  of  several  days,  when  tbe  furnace  baa  ciiuipletely  cooled,  tbe 
"  ,r  as  reBirds  tl 


a  tinisbcd  b1      ,  ^  

The  omumental  part,  consisting  of  gilding  and  jiaintin;;  in  enaiiiul, 
has  yet  to  be  exeeiiteil  j  aftur  which  the  jiiec«s  are  again  henletl,  in 
order  to  tlux  tbe  colours.  Tbe  operation  has  f^iinetiiiie>^  to  b«.' 
repvatcd  more  than  once. 

The  inonufiictui'e  of  porcelain  in  Europe  is  of  modem  origin ;  tlie 
Chinese  have  ]kisscbsm  the  art  fniui  the  coniniencciiii'Ut  of  the 
seventh  cciitiiry,  and  their  ware  is,  in  some  TefjicclH,  a]t<>g<'ther  uu- 
eqiialleib  Tlu-  inateriolB  employed  by  them  are  liin)«ni  in  K-  /.lolin 
or  decomposed  felspar;  petimt^x,  or  <|UiA1z  reduc-d  to  tine  powder  ; 
aad  the  ashua  of  fern,  wluch  cunlnin  potassiuni  carbonate. 
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Stoneware. — This  is  a  coaise  kind  of  porcelain,  made  from  clay 
containing  oxide  of  iron  and  a  little  lime,  to  which  it  owes  its 
partial  fusibility.  The  glazing  is  performed  by  throwing  common 
salt  into  the  heated  furnace  ;  tnis  is  volatilised,  and  decomposed  by 
the  joint  agency  of  the  silica  of  the  ware  and  of  the  vapour  of  water 
always  present ;  hydrochloric  acid  and  soda  are  produced,  the  latter 
forming  a  silicate,  which  fuses  over  the  surface  of  the  ware,  and 
gives  a  thin,  but  excellent  glaze. 

Earthemoare. — The  finest  kind  of  earthenware  is  made  from  a 
white  secondary  clay,  mixed  with  a  considerable  quantitv  of  silica. 
The  articles  are  thoroughly  dried  and  fired ;  after  which  they  are 
dipped  into  a  readily  fusible  glaze  mixture,  of  which  lead  oxide  is 
usually  an  important  ingredient,  and,  when  dry,  reheated  to  the 
point  of  fusion  of  the  latter.  The  whole  process  is  much  easier  of 
execution  than  the  making  of  porcelain,  and  demands  less  care. 
The  oruameutal  designs  in  blue  and  other  colours,  so  common  upon 
plates  and  household  articles,  are  printed  upon  paper  in  enamel  pig- 
ment mixed  with  oil,  and  transferred,  while  still  wet,  to  the  unglaz^ 
ware.  When  the  ink  becomes  dry,  the  paper  is  washed  off,  and  the 
glazing  completed. 

The  coarser  kinds  of  earthenware  are  sometimes  covered  with  a 
whitish  opaque  glaze,  which  contains  the  oxides  of  lead  and  tin ; 
such  glaze  is  very  liable  to  be  attacked  by  acids,  and  is  dangerous 
for  culinary  vessels. 

Crucibles,  when  of  good  quality,  are  very  valuable  to  the  chemist. 
They  ore  made  of  clay  free  from  lime,  mixed  with  sand  or  ground 
ware  of  the  same  description.  The  Hesuan  and  Cornish  crucibles 
are  amon^  the  best  Sometimes  a  mixture  of  plumbago  and  clay 
is  emploved  for  the  same  purpose  ;  and  powdered  coke  has  been  alfo 
used  with  the  earth  :  such  crucibles  bear  rapid  changes  of  tempen^ 
ture  with  impunity. 


DYAD  METALS.— GROUP  II. 
MAaNESIXTM. 

Atomic  weight,  24.   Sjrmbol,  Mg. 

This  metal  was  formerly  classed  with  the  metals  of  the  alkaline 
earths,  but  it  is  much  more  nearly  related  to  zinc  by  its  properties 
in  the  free  state,  as  well  as  by  the  volatility  of  its  chloride,  the 
solubility  of  its  sulphate,  and  the  isomorphism  of  several  of  its  com- 
pounds with  the  tumlogously  constituted  compounds  of  zinc. 

Magnesium  occurs  in  the  mineral  kingdom  as  hydrate,  carbonate, 
l)orate,  phosphate,  sulphate,  and  nitrate,  sometimes  in  the  solid 
state,  sometimes  dissolved  in  mineral  waters :  magnedan  limestone, 
or  dolomite,  which  forms  entire  mountain  masses,  is  a  carbonate  of 
magnesium  and  calcium.    Magnesium  also  occurs  as  silicatei  com- 
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coiniiinii  cliiy  tnliai'('f>-])i|u' nviT  an  Argainl  s 
till'  lu'irative  ]K)lt'  iK'iiig  an  iion  wire  juisse 
the  positive  pole  a  piece  of  gjis-coke,  just  toi 
fused  chlorides.  On  passing  the  currient  of  i 
ceUs  through  the  arrangement,  the  magnet 
extremity  <3the  iron  wire. 

8.  Ml^Bple8iQm  may  be  prepared  in  mu 
xe^udnff  magnedom  chloride,  or  the  double 
and  sooiam  or  potassium,  with  metallic 
chloride  is  prraared  by  diceolving  magnesia 
chloric  add,  aoding  an  equivalent  quantity  < 
chloride,  evaporating'  to  (uyness,  and  fusing 
duct,  heated  with  sodium  in  a  wrought-iron  < 
magnesium,  containing  certain  impurities,  i 
freed  by  distillation.    This  process  is  now  ca 
&ctaring  scale,  and  the  magnesium  is  drawn  c 
into  rib^d  for  burning.* 

Maffnesimn  is  a  brilliant  metal,  almost  as  wl 
more  brittle  at  common  temperatures,  but  m& 
below  redness.  Its  specific  gravity  is  1*74. 
and  volatilises  at  nearly  the  same  temperature 
lustre  in  dry  air,  but  in  moist  air  it  becomes  c 
magnesia. 

Magnesium  in  the  form  of  wire  or  riband  t 
burning  with  a  dazzling  bluish-white  light. 
or  spint-lamp  is  sufficient  to  inflame  it,  but 
combustion,  tne  metal  must  be  kept  in  contac 
this  purpose  lamps  are  constructed,  provide 
which  continually  pushes  three  or  more  me 
small  spirit-flame. 
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produced  ;  but  when  this  solution  is  evaporated  to  dryness,  the  last 
portions  of  water  are  retained  with  such  obstinacy,  that  decomposi- 
tion of  the  water  is  brought  about  by  the  concurring  attractions  of 
mafifnesium  for  oxygen,  and  of  chlorine  for  hydrogen  ;  hydrochloric 
acid  Ib  expelled,  and  magnesia  remains.  If,  however,  sal-ammoniac, 
potassium  chloride,  or  sodium  chloride  is  present,  a  double  salt  is 
produced,  which  is  easily  rendered  anhydrous.  The  best  mode  of 
preparing  the  chloride  is  to  divide  a  quantity  of  hydrochloric  acid 
into  two  equal  portions,  to  neutralise  one  with  magnesia,  and  the 
other  with  ammonia,  or  carbonate  of  ammonia :  to  mix  these  solutions, 
evaporate  them  to  dryness,  and  then  expose  the  salt  to  a  red  heat  in 
a  loosely  covered  porcelain  crucible.  Sal-ammonaic  sublimes,  and 
magnesium  chloride  in  a  fused  state  remains  ;  the  latter  is  poured 
out  upon  a  clean  stone,  and  when  cold  transferred  to  a  well-stopped 
bottle. 

The  chloride  so  obtained  is  white  and  crystalline.  It  is  very 
deliquescent  and  highly  soluble  in  water,  from  which  it  cannot  again 
be  recovered  by  evaporation,  for  the  reasons  just  mentioned.  When 
long  exposed  to  the  air  in  the  melted  state,  it  is  converted  into 
magnesia.    It  is  soluble  in  alcohoL 

liagnesiiiin  Oxide,  or  Magnesia,  MgO. — This  oxide  is  easily 

Erepared  by  exposing  the  magnesia  cUba  of  pharmacy,  which  is  a 
ydrocarbonate,  to  a  full  red  heat  in  an  earthen  or  platinum  crucible. 
It  forms  a  soft,  white  powder,  which  slowly  attracts  moisture  and 
carbonic  acid  from  the  air,  and  imites  quietly  with  water  to  a  hydrate 
which  possesses  a  feeble  degree  of  solubility,  requiring  about  5000 
parts  of  water  at  15-5°  and  36,000  parts  at  100°.  The  alkalinity  of 
magnesia  can  only  be  observed  by  placing  a  small  portion  in  a 
moistened  state  upon  test-paper  :  it  neutralises  acids,  howesrer,  in 
the  most  complete  manner.    It  is  infusible. 

Mctgnedum  sulphide  is  formed  by  passing  vapour  of  carbon  sulphide 
over  magnesia,  in  capsules  of  coke,  at  a  strong  red  heat. 

Oxysalts  of  Magnecdom. — The  «uifjpAa^«,MgS04.7H^O,  commonly 
called  Epsom  salt,  occurs  in  sea- water,  and  in  many  mineral  springs, 
and  is  now  manufactured  in  large  c[uantities  by  acting  on  magnesian 
limestone  with  dilute  sulphuric  acid,  and  separating  the  magnesium 
sulphate  from  the  greater  part  of  the  slightly  soluble  calcium  sulphate 
by  filtration.  The  crystals  are  derived  from  a  right  rhombic  prism ; 
they  are  soluble  in  an  equal  weight  of  water  at  5*5°,  and  in  a  still 
smaller  quantity  at  100°.  The  salt  has  a  nauseous  bitter  taste,  and, 
like  many  other  neutral  salts,  possesses  purgative  properties.  When 
it  is  exposed  to  heat,  6  molecules  of  water  readily  pass  off,  the 
seventh  being  energetically  retained.  Magnesium  sulphate  forms 
beautiful  double  salts  with  the  sulphates  of  potassium  and  ammonium, 
which  contain  6  molecules  of  crystallisation-water,  their  formula 
being  MgKj(SO4)26HJ0,  and  Mg(NHj2(S04),6HjO.  These  salts 
are  isomorphous,  and  form  monocmiic  crystals. 
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Carhonate*. — Thefwutrnl  MTAcrtia(e,MgC03  orMgO.CO,.  occnw 
nntiv4!  in  rtiombohedrol  cryetalii,  resembling  those  of  cnlospar, 
iiulH-iUled  in  talc-date  :  a  soft  earthy  viiriety  is  Mmctuuea  met  wilK 

^Mii^nraagneHiaalbakdueolvedin  oqiitioTiscarlHiDicacid,  utd  the 
»>lutii>ii  left  to  evaporate  epoiitaneously,  mniill  priamatic  crjstaU 
(U'L-  ili;posited,  coiiHutiiig  of  trihydrated  ntagueaiuiu  CArbtAiate, 
MuC'Oa.SHjO. 

i'lic  magneoa  alba  itself,  a1thoU|^h  often  called  carbonate  of 
I'siiun,  is  not  no  in  reality  ;  it  ifi  a  conipoanil  of  carbonate  with 
tc.  It  is  prepared  b;  mixing  hot  soluti^ng  of  potaaiiuin  or 
II  carbonate  and  magneaiiun  enlphftte,  the  latter  Ming  kept  in 
eliglit  uxcew,  Imilin^  the  wbole  a  f«w  uunutea,  dniing  wUcb  time 
much  carbmiii;  ncid  ib  disengaged,  and  well  woahing  the  precipitate 
so  prrKluced.  If  the  aolutiou  ie  very  dilute,  the  magumtia  alba  u 
exceedingly  light  and  bulky  ;  if  othLTwiss,  it  is  ileniicr.  Thee»jm- 
positiou  of  this  pretipilati!  is  not  petfectiy  coustant.  In  most  esses 
It  c(nit!iin«  4MgC0^MrfL0,.e  aq. 

3lH|;iieHia  alba  is  slignt^  soluble  in  water,  eepecially  when  cold. 

MiiiiiienumphotphaU,  HgHFO,.7HiO,  sepaistcfl  in  email  colour- 
Ipw   pii.iiuitic   crvHttils   wiieTi  solutinufi  of  nmliHm  phofl]ihat»;   and 

Aceoitlint;  totirithiiiii,it  is  soluble  in  about  llMHtp^ulv  of  cidil  wnt<'i'. 
Maj^efium  phosphate  exiHtH  in  the  grain  of  the  cereals,  uikI  can  Iv 
deteutui  in  considerable  quantity  in  beer. 

M'lgiiaiam  and  Amm-minm  Flimpliati,  Mg(NHJP0,.6HjO._ 
When  ammonia  or  its  curhonnte  is  mixed  \tith  a  umgtie»iuiu  litdt,  luid 
a  Bolnlile  phosjihate  is  (ul<led,  a  crystAllinc  precijiitute  having  tlie 
above  compoKition,  subsideK,  iunieiliutely  if  the  solntionH  are  cnii- 
centniteil,  ami  aflier  some  time  if  very  dilute  :  in  the  latter  nut',  ilu- 
precipitatinn  is  promoted  by  Ktirrinu.  This  Rait  ic  ulightly  khIhLIc 
iiijiure  water,  but  nearly  insoluble  in  snline  and  Hnimoniatid  liimids. 
l\Tien  heated,  it  gives  otf  water  and  iimmouia,  and  is  convtrltd  into 

2Slg(NHj)P04  =  MgjP^O;  +  HjO  +  2NH3 . 
At  a  strong  red  heat  it  fuses  to  a  white  enamel-like  mass.      Mii;;- 

calculuM,  and  occuia  also  in  giuino. 

In  aualysiis  magnesium  is  often  Bejianital  fi'om  siilutiimK  bv 
liriiiging  it  into  this  state.  Tlic  liquid,  free  from  alimiina,  lime. 
&c.,  ill  mixed  n-ith  s'ldium  phosphate  and  excess  of  ammonia,  mid 
gently  heated  for  a  short  time.  The  precipitate  is  coUeeleil  (ijM.n 
a  filtiir  and  tlwroughly  washed  with  water  contaiiiin;;  u  little 
ammonia,  after  which  it  is  drieil,  ignited  to  redness,  and  wt'i^btd. 
The  proportion  of  magnesia  is  then  eai-ily  calculated. 

Silimtci. — The  followii^;  natural  ciunjHJunds  belting  to  this  cln>s  : 
CStrymftUt,  MgjSiO,— 2M(iO.SiOj,  a  cr>-stallined  mineral,  sometimes 


mployeil  for  ornamental  jiuqiiwes  ;  o  portion  of  the  mngiieaia  .. 
(lumoiily  replaced  by  Jeiioiia  oiide,  which  communicates  a  greei 
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colour.  Meerschaimi,  2McSi03.Si02=2Mg0.3Si02,  is  a  soft  sectile 
mineral,  from  which  pipe-bowls  are  made.  Talc,  4MgSi03.SiOj.4  aq. 
(called  steatite  when  massive),  is  a  soft,  white,  sectile,  transparent  or 
translucent  mineral,  used  as  firestones  for  furnaces  and  stoves,  and 
in  thin  plates  for  [^lazing  lanthoms,  &c. ;  also  in  the  state  of  powder 
for  dinunishing  friction.  Soapstone,  also  called  steatite,  is  a  siHcate 
of  magnesium  and  aluminium  of  somewhat  variable  composition. 
Serpentine  is  a  combination  of  silicate  and  hydrate  of  magnesium. 
Jade,  an  exceedingly  hard  stone,  brought  from  New  Zealand,  is  a 
silicate  of  magnesium  and  aluminium  :  its  green  colour  is  due  to 
chromium.  Augite  and  hornblende  are  essentially  double  silicates  of 
magnesia  and  lime,  in  which  the  magnesia  is  more  or  less  replaced 
by  its  isomorphous  substitute,  ferrous  oxide. 

Magnesium  salts  are  isomosphous  with  zinc  salts,  ferrous  salts, 
cupric  salts,  cobalt  salts,  and  nickel  salts,  &c. ;  they  are  usually 
colourless,  and  are  easily  recognised  by  the  following  characters  : — 
A  gelatinous  white  precipitate  with  caustic  aikalis,  including 
ammonia,  insoluble  in  excess,  but  soluble  in  solution  of  sal-ammoniac. 
A  white  precipitate  with  potassium  and  sodium  cwrhonates,  but  none 
with  ammonium  carbonate  in  the  cold.  A  white  crystalline 
precipitate  with  soluble  phosphates,  on  the  addition  of  a  little 
ammonia. 


ZING. 

Atomic  weight,  65*2.  S>Tnbol,  Zn. 

Zinc  is  a  somewhat  abundant  metal :  it  is  found  in  the  state  of 
carbonate,  silicate,  and  sulphide,  associated  with  lead  ores  in  many 
districts,  both  in  Britain  and  on  the  Continent ;  large  supplies  are 
obtained  from  Silesia,  and  from  the  neighbourhood  of  Aachen.  The 
native  carbonate,  or  calamine,  is  the  most  valuable  of  the  zinc  ores,  and 
is  preferred  for  the  extraction  of  the  metal :  it  is  first  roasted  to  expel 
water  and  carbonic  acid,  then  mixed  with  fragments  of  coke  or  char- 
coal, and  distilled  at  a  full  red  heat  in  a  lai^  earthen  retort ;  carbon 
monoxide  escapes,  while  the  reduced  metal  volatilises  and  is  con- 
densed by  suitiible  means,  generally  with  minute  quantities  of  arsenic. 
Zinc  is  a  bluish-white  metal,  which  slowly  tarnishes  in  the  air : 
it  has  a  lamellar,  crystalline  structure,  a  density  varying  from  6*8 
to  7*2,  and  is,  under  ordinary  circumstances,  brittle.  Between  120° 
and  150°  it  is,  on  the  contrary,  malleable,  and  may  be  rolled  or 
hammered  \^dthout  danger  of  fracture  ;  and,  what  is  verv  remarkable, 
after  such  treatment,  it  retains  its  malleability  when  cold  ;  the  sheet- 
zinc  of  commerce  is  thus  made.  At  210°  it  is  so  brittle  that  it  may  be 
reduced  to  powder.  At  412°  it  melts  ;  at  a  bright  red  heat  it  boils 
and  volatilises,  and,  if  air  be  admitted,  bums  with  a  splendid  greenish 
light,  generating  the  oxide.  Dilute  acids  dissolve  zinc  very  readily : 
it  is  constantly  employed  in  this  manner  for  preparing  hydrogen  gas. 


..  .^.  I,. ,  I  111-  i<  II  iiiur  (», 
zinc  ill  li\  <linrlil<>ric  a<-i.l,  and  ihrii  mMiii 
of  sal-aiiiiii'»iii;ii',  is  siTV  iisi'lul  in  tinning 
and  iron.  " 

The  oxid^y  ZiiO,  is  a  strong  base,  formin 
the  magnesium  salts.     It  is  prepared  eit 
atmospheric  air,  or  by  heating  the  carbonai 
is  a  white,  tasteless  powder,  msoluble  in  y^ 
by  acids.    When  heated  it  is  yellow,  h\ 
cooling.     It  is  getting  into  use  as  a  substi 
prepare  zinc-white  on  a  large  scale,  metal 
targe  earthen  muffles,  whence  the  zinc  va 
receiver  (gv/rite),  where  it  comes  in  conta 
and  is  oxidised.     The  zinc  oxide  thus  fori 
into  a  condensing  chamber  diNdded  into  » 
cloths  suspended  within  it. 

The  sulphate,  ZnS04.7H^O,  commonly  < 
This  salt  is  hardly  to  oe  distinguished  by  1 
sulphate  :  it  is  prepared  either  by  dissolv 
sidphuric  acid,  or,  more  economically,  I 
sulphide,  or  hleiide,  which,  by  absorption  of  c 
part  converted  into  sulphate.  The  altered 
into  water,  and  the  salt  obtained  by  evapon 
Zinc  sulphate  has  an  astringent  metallic 
medicine  as  an  emetic.  The  crystals  diss 
and  in  a  much  smaller  quantity  of  hot  wat 
6  molecules  of  water  have  been  observed.  Zii 
salts  with  the  sulphates  of  potassium  an< 
ZnKj(S04),.6HjO  and  Zn(NH4)2(SO4)2.6H30 
corresponding  magnesium  salts. 

The  carbonate  J  ZnCO,,  is  found   Tmtivo  . 
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Zinc  salts  are  distinguished  by  the  following  characters : — Caustic 
potashy  soda  and  ammwnia,  give  a  white  precipitate  of  hydrate, 
freely  soluble  in  excess  of  the  alkalL  Fotassiwm  and  sodium 
carbonates  ^ve  white  precipitates,  insoluble  in  excess.  Arrvmonium 
carbonate  mves  also  a  white  precipitate,  which  is  redissolved  by  an 
excess,  rotassiwm  ferrocyamde  gives  a  white  precipitate.  Hydrogen 
sulphide  causes  no  change  in  zinc  solutions  containing  free  mineral 
acids ;  but  in  neutral  solutions,  or  with  zinc  salts  of  organic  acids, 
such  as  the  acetate,  a  white  precipitate  is  formed.  Ammonium 
sulphide  throws  down  white  smphiae  of  zinc,  insoluble  in  caustic 
alkalis.  The  formation  of  this  precipitate  in  a  solution  containing 
excess  of  caustic  alkali,  serves  to  distinguish  zinc  from  all  other 
metals. 

All  zinc  compounds,  heated  on  charcoal  with  sodium  carbonate 
in  the  inner  blowpipe  flame,  give  an  incrustation  of  zinc  oxide, 
which  is  yellow  while  hot,  but  becomes  white  in  cooling.  If  this 
incrustation  be  moistened  with  a  dilute  solution  of  cobalt  nitrate, 
and  strongly  heated  in  the  outer  flame,  a  fine  green  colour  is  pro- 
duced. 


The  applications  of  metallic  zinc  to  the  purposes  of  roofing,  the 
construction  of  water  channels,  &c.,  are  well  known  ;  it  is  sufl&ciently 
durable,  but  inferior  in  this  respect  to  copper.  It  is  much  used  also 
for  protecting  iron  and  copper  from  oxiaation  when  immersed  in 
saline  solutions,  such  as  sea-water,  or  exposed  to  damp  air.  This  it 
does  by  forming  an  electric  circuit,  in  which  it  acts  as  the  positive 
or  more  oxidable  metal  (p.  287).  Galvanised  iron  consists  of  iron 
having  its  surface  coated  with  zinc 


CADMIUM. 

Atomic  weight,  112.    Symbol,  Cd. 

This  metal  was  discovered  in  1817  by  Stromeyer,  and  by  Hermann: 
it  accompanies  the  ores  of  zinc,  especially  those  occurring  in  Silesia, 
and,  being  more  volatile  than  that  substance,  rises  first  in  vapour 
when  the  calamine  is  subjected  to  distillation  with  charcoaL 
Cadmium  resembles  tin  in  colour,  but  is  somewhat  harder  ;  it  is 
very  malleable,  has  a  density  of  8*7,  melts  below  260°,  and  is  nearly 
as  volatile  as  mercury.  It  tarnishes  but  little  in  the  air,  but  bums 
when  strongly  heateo.  Dilute  sulphuric  and  hydrochloric  acids  act 
but  little  on  cadmium  in  the  cold ;  nitric  acid  is  its  best  solvent. 

The  observed  vapour-density  of  cadmium  is  3*94  compared  with 
air,  or  56*3  compared  with  hydrogen,  which  latter  number  does 
not  differ  greatly  from  the  half  of  112,  the  atomic  weight  of  the 
metal :  hence  it  appears  that  the  aJtom  of  cadmium  in  the  state  of 
vapour  occupies  twice  the  space  of  an  atom  of  hydrogen  (p.  250). 
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Cmliiiiura,  like  zine,  ie  dyndie,  and  formH  but  one  aeries  of  cont*^ 
pmmds.  The  oiidt,  CdO,  may  be  prepared  \iy  igaiting  eitiier  tbe  I 
corbrinute  nr  the  nitTBte  ;  in  the  former  eaac.  it  has  a  pnle-brciwa 
ciilour,  mid  in  the  lBtt«F  u  much  darker  tint,  and  forms  otitohedr^ 
mifttisivijiic  ciygtnls.  Cadiniani  oxide  in  infusible  ;  it  dissolves  in 
sciciti,  prodnciiig  a  Heries  of  colottrleas  salts :  it  attracts  rarbcvnic  acid 
from  tlie  air,  and  tiira*  white  The  tulpheUe,  CdSO,.4HjO,  is  ea^ 
oblaini'd  by  di««)lviug  the  oxide  or  carbonate  in  dilute  ^IphiUK 
acid  :  it  is  very  noluUe  in  water,  and  forms  double  salts  mth  the 
snlphMt^'it  of  potassium  and  ammonium,  which  contain  rt;»!p«<-.tivelj 
CdK,(SO(),.6H.O  and  Cd(NHJJSO,),.eHjO  The  ehloridf,  CdCa,, 
is  a  vi'iy  soIudIc  salt,  cryet^sing  in  small  four-sidetl  prisms. 
The  miljihi^  CdS,  is  a  ^ery  characterintic  componnrl,  of  a  liright 
yellow  <'.olonr,  forminsmienisiMpie  crretats,  fusihleat  ahightempetk- 
ture.  It  is  obtained  iW  passing  sulphuretted  hydrogen  gas  Uirougfa 
a  solution  of  the  snlpbate,  nJtrHte,  or  chloride.  This  compound  is 
iifv<i  a:i  a  yellow  pigment,  of  great  beauty  and  permanence.     " — 


Fixed  caustic  alhilU  give  with  cadmium  salts  a  white  precipitate 
ofhydratml  oxide,  insoluble  in  excess.  Ammonia  gives  a  similar 
whiti:  precipitate,  reailily  soluble  in  excess.  The  fixed  allailiru! 
mrlHiniiles,  and  ammanut  earlioHaU,  throw  down  white  cndinium 
carlxinati',   insoluble   in   excess   of  either   precipitant      Hyilmjun 

'nlivii'  and  ammonium  giiljJii^e  preeiiiitate  the  yellow  Buljiliide  uf 
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Atomic  n-ciglit,  63-4.  Syiiiliul,  t'u  (Ciipnim). 
Copper  is  a  metal  of  great  value  in  the  arts:  it  sometimes  ocenrs 
in  the  metidlic  state,  crystnllisei!  in  octohedrons,  or  more  frequeiitly 
in  dndi'cnheibons,  hut  is  more  ahuodant  in  the  form  of  red  oxide, 
and  in  that  of  sulphide  combined  with  sulphide  of  iron,  as  yellitw 
wpper<rrcmci>p})eTjnjritesi.  Large  r[«anlitie«  of  the  latti-r  siihstanw 
are  nnnually  obtained  from  the  Cornish  mines,  apd  taken  to  South 
Wales  for  reduction,  which  is  eifected  by  a  some^'liat  complies  pro- 
oess.  The  principle  of  tliis  may,  however  he  easily  made  intelligible. 
The  ore  is  rc«sted  in  a  reverheralory  fnmace,  by  which  much  of  the 
iron  sulphide  is  converted  into  oxide,  while  tlic  copjier  sulpliidu 
reniains  unaltered.  The  pmtlui'tof  this  o]iem1ion  is  then  stronglv 
heated  vith  fjlicious  mnd ;  the  latter  combines  with  the  iron  oxiJo 
to  a  fusible  »lag,  and  peparntes  from  the  heavier  copper  compound. 
When  the  iron  has,  by  a  repetition  of  these  processes,  been  got  nil 
of,  the  copper  eul])hide  begins  to  deconipose  in  the  llnme-fumace, 
loeing  its  sulphur  and  ato)T\>inj  ovj^n ;  the  tempewliire  is  then 


COPPER.  415 

raised  sufficiently  to  reduce  the  oxide  thus  produced,  by  the  aid  of 
carbonaceous  matter.  The  last  part  of  the  operation  consists  in 
thrusting  into  the  melted  metal  a  pole  of  birch- wood,  the  object  of 
which  is  probably  to  reduce  a  little  remaining  oxide  by  the 
combustible  gases  thus  generated.  Large  quantities  of  extremely 
valuable  ore,  chiefly  carbonate  and  red  oxide,  have  lately  been 
obtained  from  South  Australia  and  Chile. 

Copper  has  a  well-known  yellowish-red  colour,  a  specific  gravity 
of  8'96,  and  is  very  malleable  and  ductile  :  it  is  an  excellent  conductor 
of  heat  and  electricity  :  it  melts  at  a  bright  red  heat,  and  seems  to 
be  slightly  volatile  at  a  very  high  temperature.  Copper  undergoes 
no  change  in  dry  air  :  exposed  to  a  moist  atmosphere,  it  becomes 
covered  with  a  strongly  aaherent  green  crust,  consisting  in  a  great 
measure  of  carbonate.  Heated  to  redness  in  the  air,  it  is  quickly 
oxidised,  becoming  covered  with  a  black  scale.  Dilute  sulphuric 
and  hydrochloric  acids  scarcely  act  upon  copper  ;  boiling  oil  of 
vitriol" attacks  it,  with  evolution  of  sulpnurous  oxide  ;  nitric  acid, 
even  dilute,  dissolves  it  readily,  with  evolution  of  nitrogen  dioxide.* 

Copper,  in  its  most  stable  compounds,  the  cupric  compounds,  is 
■  bivalent,  these  compounds  containing  1  atom  of  the  metal  combined 
with  2  atoms  of  a  univalent,  or  1  atom  of  a  bivalent  negative  radicle, 
e.g.,  CuClg ,  CuO,  Cu(N03)^,  CUSO4 ,  &c.  It  also  forms  another  series, 
the  cuprous  compounds,  in  which  it  may  be  regarded  as  univalent, 
e.g,f  CuCl,  CiuO,  &c.,  like  silver  in  the  argentic  compounds.  On  the 
other  hand,  the  cuprous  compounds  may  be  supposed  to  be  formed 
by   adtlition  of  copper  to  the  cupric  compounds,   the  metal  still 

Cua 
remaining    bivalent,    thus    cuprous    chloride,    CugClg  =    |     ,   ;' 

Cu  CaCl 

cuprous    oxide,     Cu^O  =1^0.    These    compounds    are    very 

unstable,  being  easily  converted  into  cupric  compounds  by  the  action 
of  oxidising  agents. 

Copper  Chlorides. — Cupric  chloride,  CuCl^,  is  most  easily  prepared 
by  dissolving  cupric  oxide  in  hydrochloric  acid,  and  concentrating 
the  green  solution  thence  resulting.  It  forms  green  crystals,  CuCl^ 
2H2O,  very  soluble  in  water  and  in  alcohol :  it  colours  the  flame  of 
the  latter  green.  When  gently  heated,  it  parts  with  its  water  of 
crystallisation  and  becomes  yellowish-brown ;  at  a  high  temperature 
it  loses  half  its  chlorine,  and  becomes  converted  into  cu'pr(yu^  ckloride. 
The  latter  is  a  white  fusible  substance,  but  little  soluble  in  water, 
and  prone  to  oxidation :  it  is  formed  when  copper-filings  or  copper- 
leaf  are  put  into  chlorine  gas  ;  also  bv  precipitating  a  solution  of 
cupric  chloride  or  other  cupric  salt  with  stannous  chloride  : 

SCuCla  -H  SnCl^  =  CujClg  +  SnCl4. 

A  plate  of  copper  immersed  in  hydrochloric  acid  in  a  vessel 
containing  air,  becomes  covered  with  white  tetrahedrons  of  cuproua 


chkiriile.    Thid  componmd  disBolves  in  hydrochloric  ncid,  fonnitHj 
culiiiirlca  aoluticin,  which  gradually  turns  blue  oa  eipwure  to  t 

A  hyiirated  euprie  oxydiioride,  CuC1^3CuH,0,,  occurs  n 


Cuprous  Hydride,  Cu^,.— When  a  solution  of  ciipric  milphate-' 
is  heiitoil  to  ahout  70°,  with  hypoph<iaphorouB  aciil,  this  compound  is 
Aeporiiieil  as  a  yellow  precipitate,  which  soon  turns  red-brown.  Il 
gives  (iff  hydrogen  when  heated,  t&kes  fire  ia  chlorine  aia,  and  is 
cnnvLTted  by  hydrochloric  acid  into  cuprous  chloride,  with  evolution, 
of  a  liiiuble  qnantity  of  hydrogen,  the  acid  giving  up  iu  hydr  "  ~ 
BB  ^y•.-\^  iiB  the  copper  hydride  ; 


■'n 


CUjH,  +  8HC1  =  Cu,C3,  +  21 
Tliin  reaction    affords  a   remarkable  inetance  of  the  union    of  two 
atoniK  of  the  some  element  to  form  a  molecule  (see  page  2&9). 

Copper  OxideB,— Two  oiides  of  copper  are  known,  corresponding 
with  ttiii  diloriile^  ;  iui.l  n  very  uiiPtalilt  ili-m.l.'  nr  per. .xM'.-.  CiiO,. 
ia  Baid  to  he  formed,  aw  a  yellowish  bruBii  jiowder,  by  Ihi'  action  ■..f 
hydrt^'cn  dioxide  on  cnpric  hydrate. 

Cojijwr  Monoxvle,  Capric  Oxide,  or  ISUick  Oxide  of  Copper,  CuO,  i^ 
prepared  by  i'alcinii)<r  metallic  copper  at  a  red  lieat,  with  tiill 
exposure  to  air,  or,  more  conveniently,  by  heating  the  nitnrte  to  red- 
neiw,  whicli  then  suffers  complete  deconipoHition.  Cu])ric  salts  mixed 
with  caustic  alkali  in  excei<s,  yield  a  bulky  pale  blue  preci]jitate  of 
hydrated  cupric  oxide,  or  cupric  hydrate,  CuHjOj  or  CuCH^O, 
'tniich,  when  the  whole  is  raised  to  the  boiling;  point,  iH-cMUies 
converted  into  a  heavy  dark  -lirown  powder :  this  aito  U  anhydrim.^ 
oxide  of  copper,  the  hydrate  sufferiitg  decomposition,  even  in  contiut 
with  water.  The  oxide  i)re}iared  at  a  high  temperature  i^  perfectly 
black  and  very  dense.  Ciipric  oxide  is  eiduble  m  acids,  ami  forniss 
series  of  very  important  «.irti>,  iiHimor^>hons  -nith  luagnesiiiui  salts. 

Cuprous  Oxide,  Cu-0,  alsc)  called  Eed  Oiade  and  SM>oxide  of  Ciipuei-. 
— This  oxide  may  be  obtained  by  heating  in  a  covered  cnicible  a 
mixture  of  6  parts  of  black  oxide  and  4  parte  of  fine  copper  tilings  ; 
or  by  adding  grape  sufior  to  a  solution  of  cupric  Bul])hate,  and  then 
putting  in  an  excess  of  caustic  potash  ;  the  blue  solution,  heated  to 
ebullition,  is  reduced  by  the  sn^^,  and  deposits  cn]iri>iis  oxide. 
This  oxido  often  occurs  m  beautiful  transparent  ruby-reil  crystals, 
associated  with  other  ores  of  copper,  and  lan  be  obtained  in  the  same 
state  by  artificial  means.  It  communicates  to  gloss  a  magniticeut 
red  tint,  while  that  given  by  cupric  oxide  is  green. 

CnproUH  oxide  dissolves  in  excess  of  livilrochloric  acid,  forming  n 
solution  ofcuprouB  chloride,  from  which  that  compound  is  jirvii  pita  te<l 
on  dilution  with  wat*.'r.  Most  oxygen  acids,  namely,  sulphuric, 
j>liosphoric,  acetic,  oxalic,  butane,  and  citric    acids,    decompose 
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cuprous  oxide,  forming  cupric  salts,  and  separating  metallic  copper  ; 
nitric  acid  converts  it  into  cupric  nitrate.  Hence  there  are  but  few- 
cuprous  oxygen-salts,  none  indeed  excepting  the  sulphites,  and 
certain  double  sulphites  formed  by  mixing  a  cupric  solution  with 
the  sulphite  of  an  alkali-metal,  e.g.^  ammonio-cuprous  sidphite 
Cu(NH4)S03  or  Cu^(Sli;)^{S0^2' 

Oupric  Oxysalts. — The  stdphatef  CUSO4.5H0O,  commonly  called 
blue  vitriolf  is  prepared  by  dissolving  cupric  oxiae  in  sulphuric  acid 
or,  at  less  expense,  by  oxidising  the  sulphide.  It  forms  large  blue 
triclinic  prisms,  soluble  in  four  parts  of  cold  and  two  parts  of  ooiling 
water;  when  heated  to  100°  it  readily  loses  four  molecules  of 
crystallisation- water,  but  the  fifth  is  retained  with  great  pertinacity, 
and  is  expelled  only  at  a  low  red  heat.  At  a  very  high  temperature, 
cupric  sulphate  is  entirely  converted  into  cupric  oxide,  with  evolution 
of  sulphurous  oxide  and  oxygen.  Cupric  sulphate  combines  with 
the  sulphates  of  potassium  and  of  ammonium,  forming  pale-blue 
salts,  CuK2(SO^)2.6HjO  and  Cu(NH4)g(S04)2.6Hj,0,  isomorphous  with 
the  corresponding  magnesium  salts. 

Cupric  Nitrate,  Cu(N03)2.3H30,  is  easily  made  by  dissolving  the 
metal  in  nitric  acid ;  it  forms  deep  blue  crystals,  very  soluble  and 
deliquescent.  It  is  highly  corrosive.  An  insoluble  basic  nitrate  is 
known  ;  it  is  green. 

Cupric  Carixmates. — When  sodium  carbonate  is  added  in  excess  to 
a  solution  of  cupric  sulphate,  the  precipitate  is  at  first  pale-blue  and 
fiocculent,  but  oy  warming  it  becomes  sandv,  and  assumes  a  green 
tint;  in  this  state  it  contains  CuC03.CuH202+aq.  This  substance 
is  prepared  as  a  pigment.  The  beautiful  mineral  inalachite  has  a 
similar  composition,  but  contains  no  water  of  crystallisation,  its 
composition  being  CuCOg-CuH^Oj.  Another  natural  compound,  called 
azurite,  not  yet  artificially  imitated,  occurs  in  large  transparent 
crystals  of  the  most  intense  blue  :  it  contains  2CuCO,.CiiH202. 
Verditer,  made  by  decomposing  cupric  nitrate  with  chalk,  is  said 
however,  to  have  a  somewnat  similar  composition. 

Cupric  Arsenite  is  a  bright  green  insoluble  powder,  prepared  by 
mixing  the  solutions  of  a  cupric  salt  with  an  alkaline  arsemte. 

Copper  Sulphides. — There  are  two  well-defined  copper  sulphides, 
analogous  in  composition  to  the  oxides,  and  four  others,  containing 
larger  proportions  of  sulphur,  but  of  less  defined  constitution  ;  these 
latter  are  precipitated  from  solutions  of  cupric  salts  by  potassium 
pentasulphide. 

Cupric  Sulphide,  CuS,  occurs  native  as  indigo  copper  or  covellin,  in 
soft  bluish-black  hexagonal  plates  and  spheroidal  masses,  and  is 
produced  artificially  by  precipitating  cupric  salts  with  hydrogen 
sulphide. 

Cuprous  Sulphide,  Cu^S,  occurs  native  as  copper-glance  or  redruUi- 
ite,  in  lead-grey  hexajgonal  prisms,  belonging  to  the  rhombic  system ; 
it  is  produced  artificially  by  the  combustion  of  copper-foil  in  sulphur 
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Tnpnur,  by  igniting  capric  oxide  with  Bulphur,  and  by  other  methodB, 
It  IS  n  povremil  eulphur-baBe,  uuitingwitn  the  eiilphidee  of  antimony, 
arwiiii',  and  bifiinutb,  to  form  sevenu  natural  nuncialB.  The  several 
varitlies  of  iahl-ore,  or  tetrahedrite,  consiBt  of  ouprona  suliiUanti- 
monitt  or  Bulpharaenite,  in  which  the  copper  is  more  or  leas  reploced 
by  ei|nivEileiit  quantities  of  iron,  zinc,  silver,  and  mcrcuiy.  The 
imiK)rlant  ore,  called  copper-pyrita,  ie  a  cuproso-ferrie  milphide, 
CiiFt*".Sj  or  CiijS.Fe^„  occiuring  in  tetrahedral  crystnla  of  the 
qmulratic  ajBtem,  cit  m  UTegnlar  maaeea.  Another  spet'ii^n  of  coppex 
and  inin  Bidphide,  containing  varioua  pnoportiona  of  the  two  metah^ .  ■ 
(K'ciitv  luitivef  aspurplt  copper  or  en^dte,  in  cubeB,o<;tahi!dronB,Budl| 
other  mononietric  fonna. 

AmmoniacBl  Coppor-compcnmda. — The  chlorides,  Bu1ph«, 
nitmle,  and  other  aaltB  of  copper,  unite  with  one  or  more  niolecnl, 
of  aniiiiiiiiia,  fonuing,  for  the  moat  port,  cryatAlline  componnihi  t 
blue  nr  green  colour,  aonie  of  which  may  lie  reganled  as  salts  < 
metHllammoninms  {p.  363).  Thus  oupric  chloride  forma  with  «n. 
inoniii,the  componDda,  mE^OiClt,  4NH^CiiCl^and  aNH^OuCL, 
the  lirHt  of  which  may  he  fonnulatutl  as  fujiro-iliannnnniinii  chlaritU, 
(Njtlu(.'u°}Cl2.  Citpnc  Rulphate  fomiH,  in  like  manner,  aiprn- 
diammmiiura-  sulph.it.;  {N.H,(.'u')SO^.  which  in  a  ileeii  blui'  erxslal- 
line  salt.  Ciipmus  iiidiile  forma  with  auimuiiiii,  the  I'lPiniHuind, 
4NHi.ChjV 


Cauiitic  po(aB/t  in\-eB  with  ciiiiric  calls  a  pale  blue  preeipitate  of 
cupric  hydnite,  chaiiRing  to  blackish-brown  anhvilroua  o:iJde  i>u 
boiling. — Ammonia  also  throws  down  the  hydrate;  but,  when  in 
exi'ess,  rediwn lives  it,  yieldinf;  a  det-p  pnqilish-blue  polntinn. — 
Polasiiiim  and  todium  airbniialis  give  pale  blue  preeipitatea  of  cupric 
carbonate,  insoluble  iu  excew). — Ammonium  eaiiionatcibe  Fame,  but 
solnble  with  deep  blue  colour, — Potassium  firrocfanide  ^vv»  a  fine 
red-lirown  iiredjutate  of  cupric  ferrocyaniile. — Tfi/iJiwftH  siifiih  ii!c  and 
amiiihidiim  sh/jJm'i'c  affi^rJ  black  cupric  aulpliide,  iiisi.luljle  io 
auimoniuni  sulphide. 


The  allovH  of  copper  are  of  great  imjiorUnce.  Erasf  consisti:  (if 
cojiper  olloved  with  from  S8  to  34  per  cent,  ui  zinc ;  the  bilter  mav 
lie  nddi'd  directly  to  the  melted  cojipcr,  or  granulated  ciijijier  may  W 
heated  with  calamine  and  churcoal-powder,  as  in  the  olil  jiroeeMi. 
Oun-meliil,  a  most  valuable  alloy,  consiatB  of  90  parts  eopiKT  and  lU 
tin.  Bdl  and  gpeaibim  metal  contain  astill  larger  nroportii in  of  tin  ; 
tiicBe  are  brittle,  especially  the  last  named.  Agocnl  bronze  for  statue:' 
iamatle  of  !)1  parts  copper,  2  imrta  tin,6  ports  zinc,  and  1  part  leatl. 
The  brass  or  irtmse  of  tne  ancients  is  an  alloy  of  copjier  with  tin, 
often  also  containing  lead,  and  sc      '  * 
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MEBOUBT. 

Atomic  weight,  200.    Symbol,  Hg  (Hydrargyrum). 

This  very  remarkable  metal,  sometimes  called  quicksilver,  has  been 
known  from  early  times,  and  perha^  more  than  all  others  has  excited 
the  attention  and  curiosity  of  experimenters,  by  reason  of  its  peculiar 
physical  properties.  Mercury  is  of  great  importance  in  several  of 
the  arts,  and  enters  into  the  composition  of  many  valuable  medica- 
ments. 

Metallic  mercury  is  occasionally  met  with  in  globules  disseminated 
through  the  native  sulphide,  which  is  the  ordinary  ore.  This 
latter  substance,  sometimes  called  dnnahar^  is  found  in  considerable 
quantity  in  several  localities,  of  which  the  most  celebrated  are 
Almaden  in  Spain,  and  Idria  in  Austria.  Only  recently  it  has 
been  discovered  in  great  abundance,  and  of  remarkable  purity,  in 
California  and  Australia.  The  metal  is  obtained  by  heating  the 
sulphide  in  an  iron  retort  with  lime  or  scraps  of  iron,  or  bv  roast- 
ing it  in  a  furnace,  and  conducting  the  vapours  into  a  large  chamber, 
where  the  mercury  is  condensed,  while  the  sulphurous  acid  is 
allowed  to  escape.  Mercury  is  imported  into  this  country  in  bottles 
of  hammered  iron,  containing  seventy-five  pounds  each,  and  in  a 
state  of  considerable  purity.  When  purchased  in  smaller  quantities, 
it  is  sometimes  found  adulterated  with  tin  and  lead,  which  metals 
it  dissolves  to  some  extent  without  much  loss  of  fluidity.  Such 
admixture  may  be  known  by  the  foul  surface  the  mercury  exhibits 
when  shaken  m  a  bottle  containing  air,  and  by  the  globules,  when 
made  to  roll  upon  the  table,  leaving  a  train  or  taiL 

Merciu'y  has  a  nearly  silver- white  colour,  and  a  very  hich  degree 
of  lustre  :  it  is  liquid  at  all  ordinary  temperatures,  and  solioifies  only 
when  cooled  to  —  40°.  In  this  state  it  is  soft  and  malleable.  At  360° 
it  boils,  and  yields  a  transparent,  colourless  vapour,  of  great  density. 
The  metal  volatilises,  however,  to  a  sensible  extent  at  all  tempera- 
tures above  19°  or  21° ;  below  this  point  its  volatility  is  imper- 
ceptible. The  volatility  of  mercury  at  the  boiling  heat  is  much 
retarded  by  the  presence  of  minute  quantities  of  lead  or  zinc.  The 
specific  gravity  of  merciiry  at  15*5°  is  13"69  ;  that  of  frozen  mercury 
about  1<4,  great  contraction  taking  place  in  the  act  of  solidification. 

Pure  mercury  is  quite  unalterable  in  the  air  at  common  tempera- 
tures, but  when  heated  to  near  its  boiling  point,  it  slowly  absorbs 
oxygen,  and  becomes  converted  into  a  crystalline  dark-red  powder, 
which  is  the  highest  oxide.  At  a  dull  red  heat  this  oxide  is  again 
decomposed  into  its  constituents.  Hydrochloric  acid  has  little  or  no 
action  on  mercury,  and  the  same  may  be  said  of  sulphuric  acid  in  a 
diluted  state  :  when  the  latter  is  concentrated  and  boilinc  hot,  it 
oxidises  the  metal,  converting  it  into  mercuric  sulphate,  witn  evolu- 
tion of  sulphurous  oxide.  Nitric  acid,  even  dilute  and  in  the  cold 
dissolves  mercury  freely,  with  evolution  of  nitrogen  dioxide^ 
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The  oLflerved  vaponr-denrity  of  meremy  referred  to  air  m  tinity  ii 
6'7  ;  this  Kferred  to  bfilrt^eu  is  neatly  100  i*  that  is  to  Kay,  hulf  tbe 
atoinii:  weight  of  the  metal  :  conaequently  the  atom  of  mercury,  like 
that  (if  nulniinm,  occupies  in  the  gaseous  ttute  twiue  the  volume  of 
an  atriui  of  hydrogen  (see  page  951). 

Mercury  fomw  two  Beriee  of  compounds,  namely,  the  mercaric 
conipounds,  in  wtuch  it  ia  biyalent,  as  HgOU  llgO,  HgSO^,  &c, 
ttiid  the  mercuroua  compounds,  iu  which  it  is  apparently 
nuivalL-nt,  as  HfeCl^  Hp^O,  Sc.     These  compounds  are  analogous  ia  J 

conelitution  to  the  cu[)rn:  and  cuprous  compounds  j  and  tl — *■ — 

ous  compounda,  like  the  Utter,  are  easily  converted  iut< 
coiupouiiiis  by  the  action  of  oxidising  acents,  which  ii 
of  nicri'ury ;  out  they  are,  on  the  wliofe,  much  more 
cupruua  compounds, 

Hercury  OUoridM.— Mercuric  dloHAe,  HgCL,  commonly  called 
Corronice  tmhlimate. — This  compound  may  he  outained  by  aeveml 


difftrcut  proceHBea:  (1.)  When  metallic  mercury  is  heated  ii 
COS.  it  takea  fire  and  bums,  producing  this  substance.    (3.)  It  mar 
lule  by  disBolvinK  mercuric  oxide  in  hot  hydrochloric  acid, 


cryetLdu  of  corrosive  suiiliniiite  then  sejmrating  on  foolin^-  (3.)  Or, 
more  eiunomiculiy,  by  subliming  a  mixture  of  ei^Uiil  parts  of  mere  line 
sulphate  and  ihy  connnou  fialt  ;  and  this  is  the  plan  jjencrully 
followed.  The  decomi>osition  is  represented  by  the  etjuation  : 
HgSO,  +  2NaCl  -  HgCl,  +  NajSOj. 
Sublimed  mercuric  chloride  forms  a  white  transparent  crj'stalliue 
inass,  of  specific  i^ravity  5'43  ;  it  melts  at  265%  boils  at  SOb",  and 
Tolutilises  somewhat  more  easily  than  calomel,  even  at  onlinary 
temperatures.  Its  observed  vapour-density,  rcfeiwd  to  hydrt^on  as 
unity,  is  140  :  and  the  density  calculated  from  the  formula  linC'l.. 
aupiHMing  that  tbe  niolectrie  occupies  the  same  ^jmce  an  a  molecult.' 

or  two  atoms  of  hydrogen,  p.  251  is 5—^ ^135-5 ;  the  near 

agi«emcnt  of  this  numl)er  with  the  observed  result  shows  that  the 
vapour  is  in  the  normal  stat«  of  condensation. 

Mercuric  chloride  dissolves  in  16  parts  of  cold  and  3  parts  of 
boiling  water,  and  crystallises  from  a  hot  solution  in  long  wliiti! 
prisms.  Alcohol  and  ether  also  dissolve  it  with  facility  ;  the  latter 
even  withdraws  it  from  a  watery  solution. 

Mercuric  chloride  combines  with  a  ^at  numlier  of  other  metallic 
chlorides,  forming  a  series  of  beautilul  double  saltf,  of  which  the 
ancient  ml  aUmhiitk  may  be  token  as  a  good  example :  it  contains 
lIgClj.2NH,Cl.H,0.  Corrosive  sublimate  absorbs  ammouiacal  gas 
with  great  avidity,  generating  the  couipound  HgCI^.XHj. 

5Iercuric  chlonde  forma  several  compounds  with  mercuric  oxide. 
These  are  produced  by  several  processes,  as  when  an  alkaline  car- 

-  -.-«-^.  _  fl8-3 
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bonate  is  added  in  yaryine  proportions  to  a  solution  of  mercuric 
chloride.  They  differ  greatly  in  colour  and  physical  character,  and 
are  mostly  decomposed  oy  water. 

Mercuric  chloride  forms  insoluble  compounds  with  many  of  the 
azotised  organic  principles,  as  albumin,  &c.  It  is  perhaps  to  this 
property  that  its  strong  antiseptic  properties  are  due.  Ammal  and 
vegetable  substances  are  preserved  by  it  from  decay,  as  in  Kyan's 
method  of  preserving  timber  and  cordage.  Albumin  is  on  this  account 
an  excellent  antidote  to  corrosive  sublmiate  in  cases  of  poisoning. 

Mercurous  Chloride,  HgjCl^,  commonly  called  Calomel. — This  very 
important  substance  ma^  be  easily  and  well  prepared  by  pouring  a 
solution  of  mercurous  nitrate  into  a  large  excess  of  dilute  solution 
of  common  salt.  It  falls  as  a  dense  white  precipitate,  auite  insoluble 
in  water ;  it  must  be  thoroughly  washed  with  boiling  aistilled  water, 
and  dried.  Calomel  is,  however,  generally  procured  by  another  and 
more  complex  process.  Dry  mercuric  sulphate  is  rubbed  in  a  mortar 
with  as  much  metallic  mercury  as  it  already  contains,  and  a  quantity 
of  common  salt,  until  the  globules  disappear,  and  an  uniform  mixture 
has  been  produced.  This  is  subjected  to  sublimation,  and  the  vapour 
of  the  calomel  being  carried  into  an  atmosphere  of  steam,  or  into  a 
chamber  containing  air,  is  thus  condensed  in  a  minutely  divided 
state,  and  the  laborious  process  of  pulverisation  of  the  sublimed 
mass  is  avoided.     The  reaction  is  thus  explained  : 

HgS04  +  Hg  +  2Naa  =  HgjCl^  +  NagS04. 

Pure  calomel  is  a  heavy,  white,  insoluble  tasteless  powder  :  it  rises 
in  vapour  at  a  temperature  below  redness,  and  is  obtained  by 
ordinarv  sublimation  as  a  yellowish  white  crystalline  mass.  It  is  as 
insoluble  in  cold  dilute  nitric  acid  as  silver  chloride ;  boiling-hot 
strong  nitric  acid  oxidises  and  dissolves  it.  Calomel  is  instantly 
decomposed  by  an  alkali,  or  by  lime-water,  with  production  of 
mercurous  oxide.  It  is  sometimes  apt  to  contain  a  uttle  mercuric 
chloride,  which  would  be  a  veiy  dangerous  contamination  in 
calomel  employed  for  medical  purposes.  This  is  easily  discovered 
by  boiling  with  water,  filtering  the  fiquid,  and  adding  caustic  potash. 
Any  corrosive  sublimate  is  indicated  oy  a  yellow  precipitate. 

The  observed  vapour-density  of  calomel  referred  to  hydrogen  as 

unity,  is  119*2.    Now  the  formula  Hg^Cl^,  if  it  represents  a  molecule 

occupying  in  the  gaseous  state  two  volumes  (i.e.,  twice  the  volume 

of  an  atom  of  hydrogen,  p.  251),  would  give  a  density  nearly  double 

400  4-  2    35*6 
of  this  :  for ^-^ =235-5.    Hence  it  might  be  inferred  that 

the  composition  of  calomel  should  rather  be  represented  by  the 
simpler  formula  HgCl,  which  would  give  fot  the  vapourniensity  the 
number  1 17*75.  Tne  frequent  decomposition  of  mercurous  salts  into 
mercuric  salts  and  free  mercury  is  however  in  favour  of  the  suppod- 
tion  that  their  molecules  contain  two  atoms  of  mercury  ;  ana  the 
anomaly  in  the  vapour-volume  of  calomel  may  be  explained  by 
supposing  that  the  vapour  of  this  compound,  like  th&t  ol  isask:^ 


I 


^  .  .  •  .M    »  I        >%    1  I  1  I       I  1  I  I.  I  t 

wliiili  is  at  first  vcllow,  luit   in  a  few 

luilliaiit  .--rarli't,  lliis  colour  Ix^iug  n'ta 

m-utial  iodide  :   it  may  be  made,  altho 

triturating  equivalent  quantities  of  iodi 

alcohoL     in  preparing  it  by  precipitati 

\i  the  proper  proportions  of  the  two  salts,  \ 

^'  excess  of  either,  more  especially  in  « 

Mercuric  iodide  exhibits  a  very  remai 
attended  with  difference  of  colour,  whicl 
to  the  figure  assumed.  Thus,  when  the 
to  a  hign  temperature,  it  becomes  brig. 
If'  yields  a  copious  sublimate  of  minute  bt 

1 ,'  If  in  this  state  it  be  touched  by  a  hard 

'j !  red,  and  the  same  change  happens  spoi 

{■  lapse  of  time.     On  the  other  hand,  oy 

\i  heating,  a  sublimate  of  red  crystals,  havii 

!■;  may  be  obtained,  which  are  pennanent. 

j}-  happens  with  the  freshly  precipitated  i( 

first  formed  breaking  up  in  a  few  seconds,  1 
to  the  red  modification. 

Mercuric  iodide  forms  double  salts  with 

metallic  iodides,  as  those  of  the  alkali-m 

metals ;  thus  it  dissolves  in  aqueous  potai 

solution  deposits,  on  cooling,  crystals  of 

2rKI.Hgl2).3BLO.     They  are  decomposed 

t  01  about  half  the  mercuric  iodide,  the  soli 

Halt,  2KI.HgI«,  which  remains  as  a  saline  i 
Mercurous  Iodide,  Hg2l2,  is  formed  whe 
iodide  is  added  to  mercurous  nitrate :   it 
yellow,  insoluble  precipitate.  wifl«  "  *'— 
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cautiously  heating  any  of  the  mercuric  or  mercurous  nitrates  to 
complete  decomposition,  whereby  the  acid  is  decomposed  and 
expelled,  oxidising  the  metal  to  a  maximum,  if  it  happens  to  be  in 
tjie  state  of  mercurous  salt.  The  product  thus  obtained  is  also 
crystalline  and  very  dense,  but  has  a  much  paler  colour  than  the 
preceding  ;  while  hot,  it  is  nearly  black.  It  is  by  this  method  that 
the  oxide  is  generally  prepared :  it  is  apt  to  contain  undecomposed 
nitrate,  which  may  be  discovered  by  strongly  heating  a  portion  in  a 
test-tube  :  if  red  fumes  are  produced,  or  the  odour  of  nitrous  acid 
exhaled,  the  oxide  has  been  insufficiently  heated  in  the  process  of 
manufacture.  (3.)  By  adding  caustic  potash  in  excess  to  a  solution 
of  cotrosive  sublimate,  by  which  a  bright  yellow  precipitate  of 
mercuric  oxide  is  thrown  down,  which  diflfers  from  the  foregoing 
preparations  merely  in  being  destitute  of  crvstalline  texture  and 
much  more  minutely  divided.     It  must  be  well  washed  and  dried. 

jSIercuric  oxide  is  slightly  soluble  in  water,  communicating  to  the 
latter  an  alkaline  reaction  and  metallic  taste  :  it  is  highly  poisonous. 
When  strongly  heated,  it  is  decomposed,  as  before  observed,  into 
metallic  mercury  and  oxygen  gas. 

Mercurous  Oxtdey  HggO  ;  Suboxide,  or  Grey  Oxide  of  Mercury. — 
This  oxide  is  easily  prepared  by  adding  caustic  potash  to  mercurous 
nitrate,  or  by  digestmg  calomel  in  solution  of  caustic  alkaU.  It  is  a 
dark  grey,  nearly  black,  heavy  powder,  insoluble  in  water,  slowly 
decomposed  by  the  action  of  light  into  metallic  mercury  and  red 
oxide.  The  preparations  known  in  pharmacy  by  the  names  bltie 
pill,  grey  ointment,  mercury  mith  chalk,  &c.,  often  supposed  to  owe 
their  efficacy  to  this  substance,  merely  contain  the  finely  divided 
metal. 

Mercury  Nitrates. — Nitric  acid  varies  in  its  action  upon  mercury, 
according  to  the  temperature.  When  cold  and  somewhat  diluted,  it 
forms  only  mercui'ous  salts,  and  these  are  neutral  or  basic — i.e., 
oxynitrates  (p.  324) — as  the  acid  or  the  metal  happens  to  be  in  excess. 
When,  on  the  contrary,  the  nitric  acid  is  concentrated  and  hot,  the 
mercury  is  raised  to  its  highest  state  of  oxidation,  and  a  mercuric 
salt  is  produced.  Both  classes  of  salts  are  apt  to  be  decomposed  by 
a  larf'e  quantity  of  water,  giving  rise  to  insoluble,  or  sparingly 
soluble,  basic  compounds. 

Mercuric  Nitrates, — By  dissolving  mercuric  oxide  in  excess  of 
nitric  acid,  and  evaporating  gently,  a  syrupy  liquid  is  obtained, 
which,  enclosed  in  a  bell-jar  over  Lime  or  sulphuiic  acid,  deposits 
bulky  crystals  and  crystalline  crusts,  both  havmg  the  composition 
2Hg(N03)2.H20.  The  same  substance  is  deposited  from  the  syrupy 
liquid  as  a  crvstalline  powder  by  dropping  it  into  concentrated 
nitric  acid.  The  syrupy  liquid  itself  appears  to  be  a  definite  com- 
pound, containing  Hg(N03)2.H20.  By  saturating  hot  dilute  nitric 
acid  with  mercuric  oxide,  a  salt  is  obtained  on  cooling,  which 
crystallises  in  needles,  permanent  in  the  air,  containing  Hg(N0o)2' 
HgO.HjO.      The  preceding  crystallised  salts  are  decom^Q^ftA.\s^ 


DXAS  UETALS. 


431 

wBler,  with  production  of  componadB  more  and  more  Ijaric  a»  the 
washing  is  prolonged,  or  the  temperature  of  the  wat^r  raised. 

MtTcuToui  Nitrate,  {Wg^HO^^SH^O,  forms  large  colourlea* 
cryslAls  eoluble  in  a  email  quantitv  of  water  without  dccompoeition ; 
it  in  made  by  diexolving  mercury  in  an  excess  of  cold  dilut«  nttrio 

When  excess  of  merciurv  has  been  employed,  a  finely  crystnlliacd 
basic  Bftlt  ui  deposit«l  after  some  time,  containing  (HgjXNO^),. 
2Hb,0.3H,0,  or  3HbjO.NA-3HbO  ;  this  is  also  dpcomposed  T^ 
water.  Tbetwo  Kalta  are  easilydistinguiHhed  when  Tulibc<l  in  a  ninrtar  | 
\dth  a  little  »odium  chloride;  the  neutral  compound  gives  sodiunL 
ititraU  and  cdomel  ;  the  basic  salt,  Bodium  nitrate  and  a  black 
com|K)Uiid  of  calomel  with  meicurous  oxide.  A  blnck  EubaUncer 
called  Hahnfmaiin'i  aoluble  mercvry,  is  produced  when  ammonia  io 
Braall  iiunntity  is  dropped  into  a  solution  of  mercttrous  nitrate  :  it 
contains  aNHj.3Hg^O.NjO(,  or,  according  to  Kane,  2NHj.2Hc/). 
N^Of  :  the  composition  oi  tni«  prepamtioD  evideottr  varies  accorauig  ■ 
Ui  the  temperature  and  the  concentration  of  the  salutioni. 

Merciuy  StdphateB. — Mcrewie    Sulptuit*,  HgSO^,    is    readily 

prepwd  liy  liiiilini:  tiii;other  oil  nf  ritiinl  riinl  ]ii.  t  illi.'  iiii'ivurT 
nntil  t)ip  latlA-ris  wholly  converted  iut..      'i  .1  i  i-lulline 

powder,  which  is  the  salt  in  guesticii       '  I  is  then 

removed  bv  evapomtioii  carried  to  perfrei  ilrvm-^-,  K.|ii^il  weights 
of  acid  an<l  metal  may  be  conveniently  fin]il(p\  .il.  W  .iicr  iletoin- 
pones  the  Bul)ihate,  ilissolviug  out  an  acid  SEilt,  ami  leiH-iiij;t  an 
lusoliililc,  yellow,  basic  compound,  formerly  called  lurfiilh  or  tiirlKlh 
miitemt,  containing,  according  to  Kane's  analysis,  HgS0,.2H}jO,  or 


SHgO.SOj.  Lonp-continued  washing  with  hot  ' 
removes  the  remaining  aciii,  and  leaves  pure  mercuri 

Mercumiu  Sulphali^  Hg^O,,  falls  as  a  white  cry 
when  snlphnric  acid  is  added  to  a  solution  of  uiercu 
is  biit  slightly  soluble  in  water, 

Hercniy  SiUphideB. — Mercuric  SiiljJiiile,  HgK,  o 


entirely 


cinnatiar,  a  dnll  red  mineral,  which  is  tlic  most  imjKirtant 
mercury.  Hydropen  sulphide  ptuu^ed  in  small  qui" ''^" 
solution  of  mercuric  nitnite,  or  chloride,  forms  a  whii 


mcrcnry.     Hydropen  suljihide  ptuu^ed  in  small  quantity 

f  mercuric  nitrate,  or  chloride,  forms  a  white  prei'ii) 

which  is  a  compound  of  mercuric  sulphide  with  the  salt  itself. 


.  ,  I     An 

excess  of  the  gas  converts  the  whole  mto  sulphide,  the  colour  at  the 
same  time  changii^  to  black.  When  this  black  sulphide  is  sub- 
limed, it  becomes  dark  red  and  crystalline,  but  undei^roes  no  change 
of  compnsition:  it  is  then  cinnabar  or  rermilion.  Mercuric  sulphide 
is  most  easily  prepiired  by  Rubliming  an  intimate  mixture  ot  6  Ttart« 
of  mercury  and  1  part  of  sulphur,  and  reducing  the  resulting 
cinnalwir  to  very  fine  powder,  the  beauty  of  the  tint  depeniling  much 
upon  the  extent  to  which  division  is  carried.  The  reil  or  crystalline 
sulphide  may  also  be  formed  directly,  without  suMimation,  by 
ieating  the  lilack  precipitated  substance  in  a  solutiim  of  polaiwium 
jieatasulphide ;  tlic  mettufi'i  BM.\5\dAft  \B,in  fact,  soluble  to  a  certain 
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extent,  in  the  alkaline  sulphides,  and  fonns  with  them  crystalliaable 
compounds. 

when  vermilion  is  heated  in  the  air,  it  yields  metallic  mercury 
and  sulphurous  oxide :  it  resists  the  action  both  of  caustic  alkalis  in 
solution,  and  of  strong  mineral  acids,  even  nitric,  and  is  attacked 
only  by  nitro-muriatic  acid. 

Mercurous  sulphide,  HgjS,  is  obtained  by  passing  hydrogen  sidphide 
into  a  solution  of  mercurous  nitrate,  as  a  black  precipitate,  which  is 
resolved  at  a  gentle  heat  into  mercuric  sulphide  and  metallic 
mercury. 

Axnmoniacal  Mercury  Ooxnpounds.  —  Mercurammonium 
Salts. — By  the  action  of  ammonia  and  its  salts  on  mercury  com- 
pounds, a  variety  of  substances  are  formed  which  may  be  regarded 
as  salts  of  mercurammoniums — ^that  is,  of  ammoniimi-molecules  in 
which  the  hydrogen  is  more  or  less  replaced  by  mercury,  in  the 
proportion  of  100  or  200  parts  of  mercury  to  1  part  of  hydrogen, 
according  as  the  compound  is  formed  from  a  mercurous  or  a 
mercuric  salt.  The  following  are  the  most  important  of  these  com- 
pounds : — 

Mercuric     Compounds.  —  Mercur(hdiammoniimi    Moride, 

SS^jH^Hg^Clg,  known  in  pharmacy  qa  fusible  white  precipitcUe,  is  pro- 
uced  by  adding  potash  to  a  solution  of  ammonio-mercuric  chloride, 
(2NH^(Jl.HgCl^,  or  by  dropping  solution  of  mercuric  chloride  into 
a  boiling  solution  of  sal-ammoniac  containing  free  ammonia,  as 
lon^  as  the  resulting  precipitate  redissolves :  it  then  separates  on 
cooBng  in  regular  dodecahedrons.  At  a  gentle  heat  it  gives  off 
ammonia,  leaving  a  chloride  of  mercurammonium  and  hydrogen, 
(NHaHg^CLHCl: 

N^HeHg^Cla  =  NHjHg'Cl,  +  NH,. 

Mercurammonium  chloride,  ^NH2Hg^L — This  salt,  known  in 
pharmacy  as  infusible  white  precipitate,  is  formed  by  adding  ammonia 
to  a  solution  of  mercuric  chloride.  When  first  produced,  it  is  bidky 
and  white,  but  hj  contact  with  hot  water,  or  by  much  washing  with 
cold  water,  it  is  converted  into  hydrated  dimercurammouium 
chloride,  NHg^oCLHjO. 

Trimercuro-aiammonium  nitrat^  (^fijEL^ ^0^0^2-^13.20,  is 
formed  as  a  white  precipitate,  on  mixmg  a  culute  and  very  acid 
solution  of  mercuric  nitrate  with  very  dilute  ammonia. 

Trimercuro-diamine,  N-Hg^j,  a  compound  derived  from  a  double 
molecule  of  ammonia,  NjH^,  by  substitution  of  3  atoms  of  bivalent 
mercury  for  6  atoms  of  hydrogen,  is  formed  by  passing  dry  ammonia 
gas  over  dry  precipitated  mercuric  oxide  ; 

3HgO  +  2NH3  =  NjHgs  -♦■  3HjO. 

The  excess  of  oxide  being  removed  by  nitric  acid,  the  trimercuro- 
diamine  is  obtained  as  a  Ssik  brown  powder,  which  explodes  by 
heat,  Mction,  percussion,  or  contact-  with  oil  of  vitriol,  almost  as 
violently  as  nitrogen  chloride. 
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D'uiirreuTammttiivmMoriU,^  NHg'jCI.HjO,  b  obtained,  els  alreftd^ 
nlHrrvbJ,  by  boiling  merctmHliauunonium  cbloride  (infoinble  wliiu 
(irt'i'liiitate),  with  water.  It  iit  a  heav^,  cmnnlar,  yellow  powder, 
wbit'ti  turns  wliite  again  whea  treated  witn  Bal-amiauiiitu;. 

IHinfrcunmmonimn  iodidt,  NHg*,I.H,0.— This  compouad  msv 
he  ('■nimi  hj  digesting  the  coireapondiiig  chloride  in  a  solution  of 
potnwniuia  iodide  ;  or  oy  heating  niercuric  iodide   with  excels  tif 


2Hglj  +  4NHj  +■  H,0  =  NHg-jI.HjO  +  3NH,I 

HfolA  +  2NH,  =  SCNHg-jI.HjO)  +  H,0; 
!jd.  kslly,  by  adding  ammonia  to  a  BoluCion  of  polaaiito-iiierct 


2(iKI.HgI,)  +  NH,  +  3KH0  =  NHg'jI.H.O  +  7KJ  +  SH^i 
Thi<  iLift  reaction  affoida  an  extramely  delicate  I«st  foe  autmonia. 
A  sri]iitioa  of  potasHio-metcniic  iodide  is  prepared  bv  adding  potw- 
siiiiji  iiirliile  to  a  solution  of  eorroaive  snoliniate,  till  a  portion  only 
ol'  Liic  re^ulliiif;  red  prcciyiitnte  ia  redir^solvcil,  Iheli  filUTiniz,  nnr! 
mixing  the  filtrate  wiili  ciiu»tiu  jintoAh.  The  liquid  tbuB  ohtaiiK-U 
fonus,  with  a  vi-ry  Kniall  quantity  of  aiumouiiv,  fiilier  free  or  iu  the 
form  of  n.n  aiiiuiDuiitcal  Rult,  n  brown  jifMipitale,  eoluble  iu  cxcfj-^i 
of  pntaHniuiii  ioiiide.    This  ia  culled  Nwler's  ttrst  for  imiiiionift. 

IHiaemtrnwiniimum  Hi/drori'le,  NH{^2{II(J), — This  contiiunnd  i.'' 
forim'd  by  traitinf;  iireoiiiitated  iiierturii;  oxide  with  iicpieoiis  iiui- 
monia,  or  by  treating  either  of  the  diinen'unimiiioiiiuiii  mills  with 
a  uinsiiu  alkali.  It  in  a  brown  luwiler,  which  di^s<ih'es  iu  acids, 
jieldiug  hkIIs  of  dinierciiranimonmiii. 

■■■        ■uramiimiium  Siiljihatc,  (SH, 

oil  turjirJhum,  is  ^jiurBil  by  irissnlFinj;  niereiiric  siilidijit' 


Jlii,Kr-:uram.ii,->,iiuia  tiiUjihatc,  (NHft'^aSOySH^O,  formerly  called 

"  im,  is  ^ixireil  by  dissolsinj,'  nierciiric  siilidi.  ' 

I'ipitatiiiK  the  Holiition  with  wdter.     It  iiin  liea 


■inh  when  dry,  resolvwl  by  heit 
il  lucrcurous  stdphftte. 


NH;jIlj;'(.'),  is  the  bliitk  jirecipitate  foniieil  when  cIit  ealoiuel  i 


it  Hives  oil'  amiiioiiia  and  loiivi-s  wliit«  niercurous  i!hli>ridi 
Clinm,„imn,n„m   elihri-tc,  NH,H«'X'I,  is  foiiued.  to-cthel 
iiiiimuuiiu;,  by  diyestiuit  cnlomd  in" iiiiueiiua  nmuiorii;! ; 
HgjClj  +  2XH3  =  NH^HgaCl  +  NH^Cl. 

runeanmoniinn  nilmU,  2{NH-HgJlTLi,.n,>j. 

Kaike,  i«  the  composition  of  the  velvet-bhiKk  pretijutiilu  known  as 
Halintiniinn'.s  snluble  mercury,  which  is  prndiiicd  cm  addiii- 
jinuiioniii  to  a  snlution  of  mercurniis  tiiti-,ite.  Accurdinj;  to  C.  G. 
JUilscherlith,  on  tW  olWi  WwA,  Um  \HMd\;ilole  thus  li.>niied  has 
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the  composition  2NH3.N205.3H^oO,  which  is  that  of  a  hydrated 
trimercurosammoniv/m  nitrate^  2(NHHg3)N08.2H20. 

Reactions  of  Mercury  Salts, — ^All  mercury  compounds  are  vola- 
tilised or  decomposed  by  a  temperature  oi  ignition :  those  which 
fail  to  yield  the  metal  by  simple  heating  may  in  all  cases  be  made  to 
do  so  by  heating  in  a  test-tuoe  with  a  little  dry  sodium  carbonate. 
The  metal  is  precipitated  from  its  soluble  combinations  by  a  plate 
of  copptTy  and  also  oy  a  solution  of  stannous  chloride  used  in  excess. 

Hydrogen  sulphide,  and  Ammonium  sulphide^  produce  in  solutions, 
both  of  mercunc  and  of  mercurous  salts,  ulack  precipitates  insoluble 
in  ammonium  sulphide.  In  mercuric  salts,  however,  if  the  quantity 
of  the  reagent  added  is  not  sufficient  for  complete  decomposition,  a 
white  precipitate  is  formed,  consisting  of  a  compound  oi  mercuric 
sulphide  with  the  original  salt,  and  often  coloured  yellow  or  brown 
by  excess  of  mercuric  sulphide.  An  excess  of  hydrogen  sulphide,  or 
ammonium  sulphide,  instantly  turns  the  precipitate  black.  This 
reaction  is  quite  characteristic  of  mercuric  salts. 

Mercuric  salts  are  further  distinmiished  by  forming  a  yellow 
precipitate  with  caustic  potash  or  soda;  white  with  amTnonia  or 
ammonium  carbonate,  insoluble  in  excess  ;  red-brown  with  pota^um 
or  sodium  carbonate.  With  potassium  iodide  they  yield  a  bright 
scarlet  precipitate,  soluble  in  excess,  either  of  the  mercuric  salt  or 
of  the  alkaline  iodide. 

Mercurous  salts  are  especially  characterised  by  forming,  with 
hydrochloric  acid  or  soluble  chlorides,  a  white  precipitate  which  is 
turned  black  by  ammonia.  They  also  yield  black  precipitates  with 
caustic  alkalis  ;  white  with  alkaline  carbonates,  soon  turning  black  ; 
greenish-yellow  with  potassium  iodide. 


Alloys  of  mercury  with  other  metals  are  termed  amalgams: 
mercury  dissolves  in  this  manner  many  of  the  metals,  as  gold,  silver, 
tin,  lead,  &c.  These  combinations  sometimes  take  place  with  con- 
siderable violence,  as  in  the  case  of  potassium,  in  which  light  and 
heat  are  produced  ;  besides  this,  many  of  the  amalgams  after  a  while 
become  solid  and  crystalline.  The  amalgam  of  tin  used  in  silvering 
looking-glasses,  and  that  of  silver  and  of  copper,  sometimes  employed 
for  stopping  hollow  teeth,  are  examples.  The  solid  amalgams  appear 
to  be,  lor  the  most  part,  definite  compoimds,  while  the  liquid 
amalgams  may  be  regarded,  in  many  instances,  as  solutions  of  definite 
compounds  in  excess  of  mercury,  inasmuch 'as,  when  they  are  pressed 
between  chamois  leather,  mercury,  containing  only  a  small  quantity 
of  the  other  metal  passes  through,  while  a  solid  amalgam,  frequently 
of  definite  atomic  constitution,  remains  behind.  A  native  compound 
of  mercury  and  silver,  called  "amalgam"  by  mineralogists,  and 
having  the  composition  AgjHgj,  or  AgjHgj,  is  found  crystallised  in 
octohedrons,  rhombic  dodecahedrons,  and  other  fonns  of  the  regular 
system. 
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THALLITT2C 

Atomic  weight,  20*.     Symbal,  TL 


% 


Tma  element  was  discovered  by  Crookea,  in  1861,  in  the  aeleniferous 
deposit  of  &  lead-chamber  of  a  eulphuric  acid  factory  iu  the  Unrt2 
moimtainB,  where  iron  pyrites  is  used  for  the  mminfacture  of 
»i]l]ihiiric  acid.  Tlie  name  is  derived  from  Sn'Khif,  "  green,"  becaow 
the  existence  of  this  metal  was  firft  reco^sed  by  an  intent  ST^^" 
lint',  nppearing  ia  the  spectrum  of  a,  flame  in  which  thallinm  ie  vola- 
tilised.  It  was  at  first  suspected  to  be  a  metalloid,  hut  further  ex- 
amination proved  it  to  be  a  true  metal.  It  was  first  obtained  in  a 
distinct  metallic  form  by  Crookea  towards  the  end  of  the  vear  1S6I, 
and  soon  afterwards  hy  Lamy,  who  prepared  it  from  tne  deposit 
in  the-  leatl-cliiitnlwr  of  M.  Kvililuiaiiu,  of  Lillr,  whrre  li4/mn 
pyrites  is  employed  for  the  manulucture  of  sulphuric  acid. 

Thallium  appears  to  be  very  widely  dilfused  as  a  con.Jtituont  of 
iron  and  copper  pyrites,  thon^h  it  never  constitutes  more  than  the 
4000th  part  of  the  bulk  of  the  ores.  It  has  also  been  found  in 
lepidolite  from  Moravia,  iu  mica  from  Zinnwold  in  Bohemia,  and 
in  the  mother-lii|uots  of  the  sult-wotks  at  Nauheim. 

Thallium  is  most  economically  prepared  from  the  ilue^ust  of 
pyrites  burners.  This  substance  is  stirred  up  in  wooden  tubs  nith 
boiling  water,  and  the  clear  li<]uor,  siphoned  off  from  the  deposit,  if 
mixed  with  excess  of  stronfj  hydrochloric  acid,  which  precipitates 
impure  thallium  monochloride.  To  obtain  a  pure  salt,  this  crude 
chloride  is  added  by  small  portions  at  a  time  to  lialf  its  weight  of 
hot  oil  of  vitriol  in  a  porcelain  or  platinum  dish,  the  mixture  Ijeing 
constantly  stirred,  ond  the  heat  continued  till  the  whole  of  the 
hy<lr"chlorio  acid  and  the  greater  portion  of  the  excess  of  sulphuric 
ncid  are  <lriven  off.  The  fused  acid  sulphate  is  now  to  be  diwolved 
iu  an  excess  of  Wiiter,  and  an  abundant  stream  of  hydn^en  sulphide 
paseed  through  the  solution.  The  precipitate,  which  may  contain 
arsenic,  antimony,  bismuth,  lead,  mercury,  and  silver,  is  separated 
by  filtration,  and  the  filtrate  is  boiled  till  all  free  hydrocen  sulphide 
is  removed.  The  liquid  is  now  to  be  rendered  altaline  with 
ammonia,  and  boiled  ;  the  precipitate  of  iron  oxide  and  alumina, 
which  generally  appears  in  this  place,  is  filtered  off ;  and  the  clear 
solution  evapomted  to  a  small  bulk.  Thallium  sulphate  then  separ- 
ates on  coolinc,  in  long  clear  prismatic  crystal»<. 

Metallic  thallium  may  bereduceii  from  the  solution  of  the  sulphate, 
either  by  electrolysis,  or  by  the  action  of  zinc. 

ThaUluni  is  a  heavy  metal,  resembline  lead  in  its  physical 
properties.    When  Iiea^i.^  tut,  \X,  «M\A.\a  u.  tirilUant  metallic  lustre 
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and  greyish  colour,  somewhat  between  those  of  silver  and  lead, 
assuming  a  slight  yellowish  tint  by  friction  with  harder  bodies.  It 
is  very  soft,  being  readily  cut  with  a  knife,  and  meiking  a  streak 
on  paper  like  plumbago.  It  is  very  malleable,  is  not  easuy  drawn 
into  wire,  but  may  be  readily  squeezed  into  that  form  by  the  process 
technicaUy  called  "  squirting.  "  It  has  a  highly  crystallme  structure 
and  crackles  like  tin  when  bent.     It  melts  at  294  . 

In  contact  with  the  air,  thallium  tarnishes  more  rapidly  than  lead, 
becoming  coated  with  a  thin  layer  of  oxide,  whicn  preserves  the 
rest  of  the  metal. 

The  most  characteristic  property  of  thallium  is  the  bright  green 
colour  which  the  metal  or  any  of  its  compounds  impact  to  a  cmour- 
less  flame  ;  and  this  colour,  when  vdewed  by  the  spectroscope,  is 
seen  to  be  absolutely  monochromatic,  appearing  as  one  intensely 
brilliant  and  sharp  green  line. 

Thallium  dissolves  in  hydrochloric,  sulphuric,  and  nitric  acids, 
the  latter  attacking  it  very  energetically,  with  copious  evolution  oi 
red  vapours. 

Thallium  forms  two  classes  of  compounds — ^namely,  the  thallious 
compounds,  in  which  it  is  univalent  :  and  the  thallic 
compounds,  in  which  it  is  tri talent  Thus  it  forms  two  oxides, 
TljO  and  TljOg,  with  corresponding  chlorides,  bromides,  iodides, 
and  oxygen-salts.  In  some  of  its  chemical  relations  it  resembles  the 
alkali-metals,  forming  a  readily  soluble  and  highly  alkaline  mon- 
oxide, a  soluble  and  alkaline  carbonate,  an  insoluble  platinochloride, 
a  thallio-aluminic  sulphate,  similar  in  form  and  composition  to 
common  potash-alum,  and  several  phosphates  exactly  analogous  in 
composition  to  the  phosphates  of  sodium.  In  most  respects,  how- 
ever, it  is  more  nearly  allied  to  the  heavy  metals,  especially  to  lead, 
which  it  resembles  closely  in  appearance,  density,  melting-point, 
specific  heat,  and  electric  conductivity. 

Thallium  Chlorides. — Thallium  forms  four  chlorides,  represented 
by  the  formulte  TlCl,  TI4CL,  TIJCI4,  and  TICL  ;  the  second  and 
third  of  which  may  be  regarded  as  compounds  of  the  monochloiide 
and  trichloride. 

The  Monochloride  or  Thalliotu  Ghloridey  TlCl,  is  formed  by  direct 
combination,  the  metal  burning  when  heated  in  chlorine  gas;  or 
as  a  white  curdy  precipitate,  resembling  silver  chloride  by  treating 
the  solution  of  any  thallious  salt  with  a  soluble  chloride.  When 
boiled  with  water  it  dissolves  like  lead  chloride,  and  separates  in 
white  crystals  on  cooling.  It  forms  double  salts  with  trichloride 
of  gold  and  tetrachloride  of  platinum.  The  vkUinum  9alt,  2T1C1. 
PtCL,  separates  as  a  yele  yellow  very  sightly  soluble  crystalline 
powder,  on  adding  platinic  chloride  to  thamous  chloride. 

The  TrjMoride  or  ThaUic  chloride,  TICI5,  is  obtained  by  dissolving 
the  trioxide  in  hydrochloric  acid,  or  by  acting  upon  tnallium,  or 
one  of  the  lower  chlorides,  with  a  large  excess  of  cmorine  at  a  gentle 
ht^t.    It  is  soluble  in  water,  and  separates  by  evaporation  in  a 
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vacuum  in  hydroted  ciystals;  melts  easilr,  and  decomposer  ■: ) 
high  tKiTiperature,  It  forma  ctyatalline  double  salt*  witli  the  cM'Aida 
of  the  ul  Kali -metal  B. 

The^^JMTUwAion.ii.TliClg^TlCis.aTlCl,  is  (jritJuced  brdisaolnxj 
thalliuiu  01  the  monochloride  in  nitromuriatic  acid,  and  »^ptnw 
on  ctMiling  iu  yellow  cryetaUino  scales.  By  ac^u«oaa  amniusu, 
potash,  or  even  by  Ihallioue  oxide,  it  is  inatantly  decomposed  into 
Btai^uUixide  and  monochloiide,  ftcconling  to  the  equation: 
2TI,Clg  +  3KH0  =.  TljO,+  6T1C1  +  3KC1   +  3Ha. 

Tlif  Diehlorik,  Tl,Cl,  =  TlClj.TlCl,  ia  formed  by  carefully  headm 
thaUiiim  or  the  monochloride,  in  a  alow  current  of  chlorinK.  It 
is  a  pale  fellow  subatauce  reduced  to  senquichloride  hy  furtlm 
heati^i^. 

Thu  Bromides  of  thaUiiim  r«aemhle  the  chloridea. 

lodidea, — Thultioiu  loiliilt,  TU,  i»  formed  fay  direct  combinolial 
of  its  i^lcnicnts,  or  by  double  decompoGiti^in.  It  forms  a.  beaatifol 
yellow  powder,  rather  docker  th&n  stdphnr,  and  melting,  bck* 
redne.is,  to  a  scarlet  liquid^  which,  as  the  masa  coole,  mouna  KUlrt 
for  some  time  after  solidification,  then  chaugee  to  bricht  yeDoir, 
The  dried  preHpitate,  wheu  spread  nn  paper  with  a  littl.-  ■uti-- 
wnter,  uiiden,"ie9  a  similar  but  npposite  change  to  that  experienced  Ij 
mercuric  ioihde  when  heated,  the  yellow  surface  when  held  orer  a 
flame  suddenly  lieimming  Bcarlet,  and  frequently  remainiuj'  so  after 
cooliu};  for  several  dnya  ;  hard  friction  with  a  glass  rod,  howevfr. 
changiwthe  scarlet  colour  Wk.  to  yellow.  It  is  very  sligbtlv  soluble 
in  water,  reiiuiring,  acooriling  to  Crookes,  4453  parte  of  'water  al 
ly-g',  and  842-4  parts  at  IW,  to  dissolve  it. 

Thatlic  /orfi'ffe,  Tllj,  is  formed  by  the  action  of  thallium  on  iodine 
diiwoh'ed  in  etlitT,  as  a  brown  solution  which  graduallv  dcijosita 
rlioiubic  ]irifm?.  It  fonus  crystalhne  com[x)Und8  «-ith  tiie  iodides 
oi  the  alkali-nitlals. 

Thallium  Oxidea. — Thidliiim  forms  a  monoxide  and  a  trioxide 

The  Momculc,  or  Tliallinna  Oxide,  TljO,  couatilnies  the  chief  part 
of  the  crust  which  f.jniis  on  the  surface  of  the  metal  when  exposed 
to  the  air.  It  may  be  prepared  by  allowing  granulated  thallium  to 
oxidise  in  warm  moist  air,  and  then  boiliug  with  wat«r.  The 
filtered  solution  first  deposits  white  needles  of  thallium  carlx>nate, 
and,  on  further  cooling,  yellow  needles  of  tlie  hydroxide,  TIHO  or 
TljO.HjO,  which,  when  left  over  oil  of  vitriol  in  a  vacuum,  yield* 
the  aubyilroHs  mono.xide  as  a  reddish  black  moss  retaining  the  shape 
of  the  crystitls.  It  is  partially  reduced  to  nictal  by  hydw^en  at  a 
red  heat.  When  fused  with  sulphur  it  yields  thallious  sulphide. 
It  dissiilvea  reailily  in  water,  forming  a  colourless  stronglv  alkaline 
solution,  which  reacts  with  metallic  salts  veiy  much  like  caustic 
potash.  This  solution  treated  with  zinc,  or  subjected  to  electrolysis, 
yields  metallic  thalliuui. 

The  Trioxidt,  or  Thailic  Oxide,  is  the  chief  product  obtained  bv 
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burning  thallium  in  oxygen  gas.  It  is  best  prepared  by  adding 
potash  to  the  solution  of  a  thallic  salt,  and  dii^dng  the  precipitate 
at  260°.  It  is  also  formed  by  electrolysis  of  thallious  sulphate.  It 
is  a  dark  red  powder  reduced  to  thallious  oxide  at  a  red  heat ; 
neutral,  insoluble  in  water  and  in  alkalis.  Thallic  hydrate, 
T1'"H02,  is  obtained  by  drying  the  above-mentioned  precipitate  at 
100°. 

Oxygen-salts. — Both  the  oxides  of  thallium  dissolve  readily  in 
acids,  forming  crystalline  salts,  soluble  in  water  ;  there  are  also  a 
few  insoluble  thallium  salts  formed  by  double  decomposition. 

Thallious  carbonate,  TljCOg ,  is  deposited  in  crystals,  apparently 
trimetric,  when  a  solution  of  thallious  oxide  is  exposed  to  the  air. 
It  is  soluble  in  water,  and  the  solution  has  a  slightly  caustic  taste 
and  alkaline  reaction. 

Sulphates. — Thallious  sulphate,  TI2SO4,  obtained  by  evaporat- 
ing the  chloride  or  nitrate  with  sulphuric  acid,  or  by  heating 
metallic  thallium  with  that  acid,  crystallises  in  anhydrous  rhombic 
prisms,  isomorphous  with  potassium  sulphate.  It  forms,  with 
aluminium  sulphate,  the  salt,  AlTl (80^)3.121120,  isomorphous  with 
common  alum ;  and  with  the  sulphates  of  magnesium,  nickel,  &c., 
double  salts  containing  6*molecules  of  water,  and  isomorphous  with 
magnesium  and  potassium  sulphate,  &c.  (p.  409). — Thame  sulphate^ 
T1^(S04)3.7H20,  separates  by  evaporation  horn  a  solution  of  tnaUic 
oxide  in  dilute  sulphuric  acid,  in  thin  colourless  laminse,  which  are 
decomposed  by  water,  even  in  the  cold,  with  separation  of  brown 
thallic  oxide. 

Phosphates, — The  thallious  phosphates  forma  series  nearly  as 
complete  as  those  of  the  alkali-metals,  which  they  also  resemble  in 
theii'  behaviour  when  heated.  There  are  three  orthophosphates,  con- 
taining respectively  HjTl PO4,  HT1,P04,  and  TI3PO4.  The  first  two 
are  soluble  in  water  ;  the  second  is  obtained  by  neutralising  dilute 
phosphoric  acid  at  boiling  heat  with  thallious  carbonate,  and  the 
tii'st  Dv  mixing  the  dithaUious  salt  with  excess  of  phosphoric  acid. 
The  trithallious  salt,  TlgPOi,  is  very  sparingly  soluble,  and  is  formed 
as  a  crystalline  precipitate  on  mixing  the  saturate  solutions  of 
ordinary  disodic  phosphate  and  thallious  sulphate ;  also,  together 
with  ammonio-thallious  phosphate,  by  treating  the  monothallious  or 
dithallious  salt  with  excess  of  ammonia.  There  are  two  thallious 
pyrophosphates,  HoTlgPjOj,  and  Tl^PjOy,  both  very  soluble  in  water  : 
the  first  produced  oy  carelully  heatme  monothaUious  orthophosphate, 
the  second  by  strongly  heating  dithallious  orthophosphate.  Of 
thallious  metaphomhate,  TIPO3,  there  are  two  modifications  :  the  first 
remaining  as  a  slightly  soluble  vitreous  mass  when  monothallious 
orthophosphate  is  strongly  ignited,  the  second  obtained  as  an  easily 
soluble  ^lass  by  igniting  ammonio-thallious  orthophosphate. 

Thallic  orthophosphate,  Ty^^0^.2BJJ,  separates  as  an  insoluble 
gelatinous  precipitate  on  diluting  a  solution  of  thallic  nitrate  mixed 
with  phosphoric  acid. 
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Thallinm  Bnlpbide,  Tl^ — Tiiia  compound  is  precipitated  from 

all  thiillioiu  ealte  by  ammonitun  Gulphide,  auil  from  the  acetate, 
i:iirl."iiiiite,  or  oiakte,  by  hydrogen  flulphide  (incompletely  also  from 
thu  nitrate,  milphutf,  oi  chlon<le),  in.  dense  flocks  of  n  greyish  or 
browiiiah-blact  colour.  Thallic  salts  appear  to  be  reduced  to 
thallioua  salta  by  boiling  vitli  anmionium  sulphide.  Thallium 
Hulphale  pMJeeted  into  fused  potassium  cyanide  is  reduced  to 
Buljihide,  which  then  forms  a  brittle  metallic-looking  niiuts,  having 
tliH  liiHtre  of  plumbago,  and  fusing  more  readily  than  metallic 
llial  li  um.  

R.:cirtioiu  of  Thaltiwn.  Salt).— The  reactions  of  thallioua  salts 
with  hydrogen  eiilphide  and  ammonium  sulphide  have  just  Le«n 
meiitiiiiied.  Prom  their  aq^ueous  solutions  thallium  is  rHpidly 
precipitated  in  metallic  cryslals  by  zine,  slowly  by  iron.  SoliMt 
dilori'lts  precipitate  difficultly  soluble  white  tbaUious  chloride  ; 
soluble  Immuaa  throw  down  white,  nearly  iiwoluble  bromide  ; 
salulileiodidMprecipitate insoluble  yellow  thidlious  iodide.  Canstic 
alkalii'  and  alkatine  earbtmaUi  form  uo  precipitate ;  eodiam  photphatt 
fririiis  IX  white  pre<:ip!tate,  insoluble  in  nmnioma,  easOy  soluLle   in 

FoliMsium  dirwnak  gives  a  yellow  precipitate  of  thallious  chromate, 
insoluble  in  cold  nitric  or  sulphuric  ai^id,  but  tuniinj;  iiniuj;t--red  on 
boilhij;  in  the  acid  solution. — PUtfinic  ckloride  preci])itates  a  vi-ry 
pale-yellow  insoluble  double  salt 

Thallic  salts  are  easily  distinguished  from  thallioua  salts  by 
their  bclutviour  with  alkalis,  and  with  soluble  chlorides  or  bromiik's. 
Their  i^olutiona  give  with  iwiimoHta,  and  vithfxed  alkidis  and  their 
eaxhuniiUs,  a  brown  gelatinous  preci]iitate  of  thallic  oxide,  contoiuin): 
the  whole  of  the  thallium.  Soluble  chlorides  at  hramidi^'fTnAnQ^  no 
|irecipitate  in  solutions  of  pure  thallic  salts  ;  but  if  a  thollious  sa\t 
IH  likewise  present,  a  precipitnte  of  Bcs<|ui chloride  or  sesqtiibroiuidc 
is  fonni'd.  Oxalic  acid  fomis  in  solutions  of  thallic  salta  a  ^vhitc 
pulverulent  precipitate  ;  jAoapboric  acid  a  white  gelatinous  pre- 
cipitate ;  ana  arxnic  actd  a  yellow  gelatinous  precipitiitc.  Tbullic 
nitrate  giva  with  jtotamum  forrocyauide  a  green,  and  with  the 
fcrrieyaiiidt  a  yellow  precipitate. 

In  examining  a  mixed  metallic  solution,  thallium  uill  be  found  in 
the  precipitate  thrown  down  by  annnonium  sulphiile,  together  with 
iron,  nicKcl,  manganese,  &c.  From  these  nu-tals  it  may  be  eai^ily 
sejiarateil  by  precipitation  with  potassium  iodide  or  platinic  chloride, 
or  by  reduction  to  tlie  metallic  state  nith  xiuc 

Thallium  sidts  are  reduced  bel'ore  the  blowpipe  with  charcoal  and 
sodium  carljonate  or  potassiuni  cyanide.  The  green  colour  imi>arted 
to  Jlame  by  thallium,  and  the  peculiar  character  of  its  spectrum,  have 
already  been  mentioned. 
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Atomic  weight,  113*4     Symbol,  In. 

This  extremely  rare  metal  was  discovered  in  1863  by  Beicb  and 
Richter,  in  the  zinc-blende  of  Freiberg,  and  has  since  been  found  in 
a  few  other  zinc-ores  and  in  the  flue-dust  of  zinc  furnaces.  The 
metallic  sponffe  which  remains  when  the  crude  zinc  of  the  Freiberg 
works  is  dissolyed  in  dilute  sulphuric  acid,  contains  the  whole  of  the 
indium  (0'045  per  cent.),  together  with  lead,  arsenic,  cadmium,  and 
iron.  It  is  dissolved  in  nitric  acid  ;  the  lead,  arsenic,  and  cadmium 
are  precipitated  by  hydrogen  sulphide  ;  and  the  filtered  solution  is 
heated  with  potassium  chlorate  to  bring  all  the  iron  to  the  state  of 
ferric  salt,  and  then  treated  with  ammonia,  which  precipitates  the 
indium  as  a  hydroxide,  together  with  iron  and  zinc.  The  precipitate 
is  dii^solved  in  acetic  acid  ;  the  indium  is  precipitated  as  sulphide  by 
hydrogen  sulphide  ;  and  freed  from  traces  oi  iron  and  zinc  by  dis- 
solving the  precipitate  in  dilute  hydrochloric  acid,  precipitating  the 
indiuiu  by  agitation  with  barium  carbonate,  dissolving  out  the 
indium  hydroxide  by  dilute  sulphuric  acid,  and  reprecipitating  with 
ammonia. 

Indium,  reduced  from  its  oxide  by  ignition  with  sodium,  is  a 
silver- white  metal,  soft  and  ductile,  has  a  specific  gravity  of 
7*421,  melts  at  176°,  and  is  less  volatile  than  cadmium  or  zinc. 
AVhen  heated  to  redness  in  the  air,  it  bums  with  a  violet  flaxne^ 
and  is  converted  into  the  yellow  sesquioxide.  Heated  in  chlorme, 
it  bums  with  a  yellow-green  light,  and  forms  a  chloride,  which 
sublimes  without  fusion  at  an  incipient  red  heat  in  soft  white 
laminne. 

Indium  dissolves  in  the  strong  mineral  acids,  and  is  precipitated 
from  the  solutions  by  zinc  and  cadinium.  Hydrogen  sulphide  pre- 
cipitates it  completely,  as  a  yellow  sulphide,  from  a  solution  of  its 
acetate,  and  from  neutral  solutions  of  mdium  salts  in  general,  but 
not  from  solutions  containing  excess  of  the  strong  mmeral  acid& 
Ammonia  and  soditmi carbonate  produce  white  precipitates  insoluble 
in  excess :  caustic  potash  or  soda  throws  down  white  indium  hydroxide 
Holuble  in  excess  of  the  alkali.  AmTnonium  carbonate  forms  a  white 
precipitate  soluble  in  excess,  and  reprecipitated  on  boiling.  Barivm 
uirbanate  precipitates  indium  completely. 

The  spectrum  of  indium  is  characterised  by  two  indico-coloured 
lines,  one  very  bright  and  more  refrangible  than  the  blue  line  of 
strontium,  the  other  fainter  and  stul  more  refrangible,  and 
approaching  the  blue  line  of  potassium.  It  was  the  observation  of 
this  peculieu'  spectrum  that  1^  to  the  discovery  of  the  metaL 

The  formuIsB  of  the  principal  normal  indium  compounds  are  as 
follows  : 

FOWNEQ. — VOL.  L 
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Cliloride, InO, 

Imliiun  and  Ammonium  Chloride,  aNHjClJnClj  +   HjO  I 

VcUowOride,      ....     lufi,  , 

Hydroxide, InHjO,  I 

Nitrate, In(^Oj), 

Sulphate, lo^SO,),  +  9H,0 . 

The  yelloir  oxide,  heated  in  a  Btrenm  of  hydrocen,  ie  snccessively 
reduied  to  a  green,  a  grey,  and  a  bUtk  oiide  (iuOJ,  and  at  a  low 
red  btat  to  the  metallic  state,  i 


Atomic  weight,  68  if)    Symbol,  Gs. 

Teis  niGtal  was  diseovered  in  18TC  by  Lecoq  de  Baiafanudnm,*  in  a 
zinc-lilende  tioro  the  mine  of  Fierrefltte,  in  the  Tolley  of  Aigeleib  i 
Pyrenees,  and  has  likewise  been  found,  thongh  alwnys  in  verv  smaU 
^uimtily,  in  blendei*  frtim  i>lher  Imalitie?.  ll  ip  scjiamtt'd  bv  iti-cstdv- 
in^  llic  I'leiide  in  nitromuriatic  add,  inuneiviug  jilalej'  of  zinc  in  the 
solution  till  the  diMengngenient  ofhydnipenbetiunesslow-, — whertby 
copj>er,  li'ud,  cadniium,  and  other  ntetitln  are  precipitated, — ami  tben 
Iwiling  the  clear  liquid  fr*  Bcreral  bonra  witli  a  lai^e  excess  of  zinc, 
which  Ibrona  down  alumina,  Italic  nnc-«a1t^  and  oxide  of  ^'alliiim. 
This  precipitate  is  rttli«9olveil  in  hydrochloric  acid;  the  s<:dution 
£^in  lioiled  with  kiuc  ;  the  resulting  precipitate,  which  contain.*  the 
j^llfum  in  a  more  conrcntrnteil  fonu,  is  redi)i«olved  in  hydriKbloric 
acid;  the  solution  mixeil  with  nmmonium  acetate  is  treated  n-ith 
hydn^ren  Bulphiile,  which  throws  down  tlie  dnc  and  •^Iliuni  as 
Hulphidi-s,  leaving  the  aluminium  in  solution ;  and  this  treatment  is 
re])ealed  to  enBure  the  coiiiptvte  tJeparation  of  the  alumina.  The 
wtite  sulphides  of  /Jnc  and  allium  are  then  dij'sotved  in  hydro- 
chloric acuf ;  the  solution  is  fmctionallv  precipitated  with  Koiliiun 
carbonate,  the  gallium  pjing  dinni  chiefty  in  the  tirst  portions ;  and, 
to  eomulete  the  sepimtion  of  the  zinc,  the  gallium  oxide  is  dissolved 
in  snlphnric  acid  aud  reprccipitated  by  excess  of  aninioniii ;  tliis  <li*- 
solves  all  the  zinc  oxide,  and  the  greater  part  of  the  gallinm  oside, 
which  may  be  reprecipitated  by  Imiling  the  liquid  to  cxjHil  the  fr^^ 


Metallic  gallium  is  obtained  by  electrolysing  a  solution  of  the 
oxide  in  potash  or  anunrmia  with  platinum  electrodes,  the  gallium 
being  dcjMMiited  on  the  negative  plate  as  a  compact,  closely  adhering 
cmst,  which  may  be  detached  by  bending  the  plate  baclcwarcU  and 
foTwanls  under  cold  water. 

Gallium  is  a  hard  metal  somewhat  whiter  than  platinum,  and  ac- 
quires  agood  polish  by  pressure;  it  is  sectile  and  somewhat  malleuble; 
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its  specific  gravity  is  6*9,  which  is  intermediate  between  that  of 
alumnium  (2*6)  and  that  of  indium  (7*4).  Its  melting  point  is  30'1®, 
so  that  it  liquefies  when  pressed  between  the  fingers;  frequently 
also  it  remains  liquid  for  a  long  time  even  when  cooled  to  nearly 
0°.  The  melted  metal  adheres  to  glass,  forming  a  mirror  whiter  than 
that  produced  by  mercury.  When  heated  to  bright  redness  in  con- 
tact with  the  air,  it  oxidises  merely  on  the  suHace,  and  does  not 
volatilise. 

Gallium  forms  a  very  bright  electric  spectrum,  exhibiting  a 
brilliant  line  and  a  fainter  band  in  the  violet.  In  a  gas-flame  only 
the  line  is  exhibited,  and  even  this  is  very  faint  ana  fugitive.  It 
was  by  these  spectroscopic  characters  that  the  existence  of  gallium 
was  first  recognised. 

Galium  chloride  is  very  soluble  and  deliquescent.  Its  aqueous 
solution  is  clear  when  highly  concentrated,  out  becomes  turbid  on 
addition  of  water;  the  precipitate  (probably  an  oxychloride)  dis- 
solves but  very  slowly  in  hyorochlonc  acid.  A  slightly  acidulated 
solution  of  the  chloride  evaporated  at  a  gentle  heat,  deposits  needles 
which  act  strongly  on  polarised  light.  The  sulphate  is  not  deli- 
quescent. 

Gallium  forms  an  ammonia-alum,  which  crystallises  in  octohedrons 
like  common  alum  ;  it  dissolves  in  cold  water,  but  the  solution 
becomes  turbid  on  boiling,  and  is  decomposed  by  heating  with 
acetic  acid.  The  existence  of  this  alum  sh6ws  that  the  oxide  of 
gallium  is  represented  by  the  formula  GajO^,  and  its  chloride  by 
GaClg. 

Solutions  of  gallium  salts  give  with  a/mmonium  sulphide  a  white 
precipitate  of  gallium  sulphide  insoluble  in  excess  of  the  reagent. 
The  same  precipitate  is  formed  by  hydrogen  sulphide  in  presence 
of  acetic,  but  not  of  hydrochloric  acid.  Ammonia  and  carbonate  of 
ammonia  give  white  precipitates  soluble  in  excess.  Slightly  acid 
solutions  of  the  chloride  and  sulphate  are  not  precipitated  m  the  cold 
by  amm^ynium  acetate;  but  the  neutral  solutions  are  clouded  thereby. 
Gallium  oxide  is  easily  precipitated  by  barivmfi  carbonate. 

In  a  mixed  solution  of  gallium  and  aluminium,  the  latter  is  pre- 
cipitated before  the  gallium,  and  in  a  mixed  solution  of  gallium  and 
indium,  the  gallium  goes  down  first ;  in  point  of  basicity,  therefore, 
gallium  is  interinediate  between  aluminium  and  indium. 

The  atomic  weight  of  gallium  has  not  been  determined  by  direct 
experiment ;  but  as  this  metal  is  a  triad  intermediate  in  some  of  its 
properties  (basicity  and  density)  between  aluminium  and  indium^ 
and  in  its  chemical  reactions  eidiibits  considerable  resemblance  to 
zinc,  it  is  supposed  to  have  an  atomic  weight  not  far  from  68,  as 
assigned  to  it  in  MendelejefTs  Classification  of  the  Elements  (p.  265)«^ 
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Atomic  weight,  1J8.  Symbol,  So  (Stantmm). 
This  valuable  mela.\  occurs  in  the  state  of  oxide,  and  more  rart-ly  M 
Kullibiilu :  the  priucijial  tin  luineii  are  those  of  Saitony  and  Soht:mi&, 
Malacca,  and  mon;  especially  Cornwall.  In  Cornwall  llie  tin-stone 
is  found  aa  a  constituent  uf  metal-bearing  veins,  asaocint^d  witli 
oppiT  ore,  in  granite  and  Hlat«-rocks  ;  and  as  an  allavial  depodt, 
imxuil  with  rounded  pebbles,  in  the  beda  of  several  ftniall  nvere 
The  fir.Jt  varietj'  is  ualkd  mirie-  and  Ibe  second  s/re<im-tin. 
Tin  oxide  ie  also  found  diaseniinated  through  the  rock  itself  in 
Bill  a  11  ciystala. 

Tu  prepare  the  ore  for  reduction,  it  is  stamped  to  powder,  washed, 
to  si^pnrate  ae  much  as  poraible  of  ihe  earthj  matter,  and  roasted,  t« 
eipol  sulphur  and  arsenio  :  it  is  then  Mtronf;lv  heated  with  cnal,  and 
the  iiieliil  Ibii^  obtaitii'd  k  cafit  iulo  l!irgo  blurks,  Tim  vjiii-'tii-  . .f 
coniinerciid  tin  are  knijwii,  called  grain-  and  bar-tin ;  the  first  i.-^  tbt- 
besl ;  it  is  prejioi'ed  from  the  stream  ore. 

i'ure  till  nas  a  white. colour,  apjmiaching  tliat  of  silver  :  it  !.■<  soft 
and  iiiiilleflble,  and  when  bent  or  twisted  cuiitx  a  ]H.'culiar  in^'klin^ 
wjunil  :  it  Las  a  density  of  7"3,  and  mellti  at  237°.  Tin  is  but  little 
acted  uiHin  by  ait  and  water,  even  conjointly  ;  when  henleil  nlxii'e 
ita  nieltiii);-pnint,  it  oxidises  rapidly,  bei:i>niing  converted  into  i\ 
whitish  jjowder,  used  in  the  arts  fur  polishiiiL',  under  the  iiiuiie  of 
piithj  junctler.  The  metal  is  attacked  and  dis-soTved  by  liydmehli-riL- 
ui'iil^  with  evolutiiiu  of  hydn^^en;  nitric  acid  acts  with  great  ener^'v, 
converting  it  into  a  white  hydrate  of  the  dioxide. 

Tin  is  u  tetratl  metul,  andfonns  tW[>  well-defined  classes  of  cnm- 
ponuds,  uauieir,  the  stannous  >::iimpounds,  in  which  it  is 
bivalent, as  SnClo,  SnI,,  SnO,  &c,  and  tlie  staunio  comjiouud^, 
in  which  it  is  qiuidrivalent,  an  SnCI^,  SnOj,  &c,  j  also  a  lew  ci.ui- 
pouuds  called  stannoso-stannic  compounds,  of  intemiediuU- 
composition,  e.i/.,  Sn^Clg,  Su^O,,  &c. 

Chlorides.— The  dickloritJe,  or  Slarniovn  ckUriile,  Sufi...  is. 
obtiiiiied  in  the  nuhydriius  state  by  distilling  an: 


wo.".^"*!, 


ilcred  tin,  prepari:<l   by  offitatinf;  the   melted  metal 


1  box  until  it  solidifies.    It  is  a  grey,  resiiiona-lookin^ 
stance,  fusible  below  rednesH,  and  volatile  at  a  high  tenijieiitture. 

The  kjftlratftl  cblorUls,  commonly  called  tin  fdf,  is  easily 
prepared  by  dissolving  metallic  tin  in  hot  hytbwhloric  acid,  (t 
wystflllises  in  needles  containing  SiiC1^2HjO,  which  ai-e  freely 
soluble  in  a  siuall  i[iiantity  of  water,  but  are  apt  to  \>e  deoiniiiHtsfd 
in  part  when  put  into  a  lai^  iiians,  uulcs.'!  hydmchloiic  nc'd  in 
excess  be  present.    So\ul,\oa  rf.  6\&Yuiii'oa  ^LtiluruL;  is  eniployeil  us  a 
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deoxidizing  affent ;  it  reduces  the  salts  of  mercury  and  other  metals 
oi  the  same  class.  It  is  also  extensively  employed  as  a  mordant  in 
dyeing  and  calico-printing  ;  sometimes  also  as  an  antichlore. 

Stannous  chloride  unites  with  the  chlorides  of  the  alkali-mietals, 
forming  crystallisahle  douhle  salts,  SnCl2.2KCl,  &c.,  called  Stannoso- 
Marides  or  Chlorostannites, 

The  tetrachloride^  or  Stannic  chloride,  SnCli,  formerly 
called  fuming  liquor  of  Libavius,  is  made  hy  exposing  metallic  tin 
to  the  action  of  chlorine,  or,  more  conveniently,  by  distilling  a 
mixture  of  1  part  of  powdered  tin  with  6  parts  of  corrosive  subli- 
mate. It  is  a  thin,  colourless,  mobile  limiid,  boiling  at  120%  and 
yielding  a  colourless  invisible  vapour,  it  fumes  in  the  air,  and 
when  mixed  with  a  third  part  of  water,  solidifies  to  a  soft  fusible 
mass,  called  butter  of  tin.  The  solution  of  stannic  chloride  is  much 
employed  by  the  dyer  for  the  brightening  and  fixing  of  red  colours, 
and  is  sometimes  designated  by  the  old  names,  "  composition, 
physic,  or  tin  solution;"  it  is  commonly  prepared  by  dissolving 
metallic  tin  in  a  mixture  of  hydrochloric  and  nitric  acids,  care 
being  taken  to  avoid  too  great  elevation  of  temperature.  The 
solution  when  evaporated  yields  a  deliquescent  crystalline  hydrate, 
SnCl^.OHjO. 

Stannic  chloride  forms,  with  the  chlorides  of  the  alkali-metals  and 
alkaline  earth-metals,  crystalline  double  salts,  called  Stannochlorides 
or  Chlorostannates,  e.g,,  SnCl4.2NH4Cl ;  SnCli.BaClj,  &c.  It  also 
forms  crystalline  compounds  with  thepentachloride  and  oxychloride 
of  phosphorus,  viz.,  SnCl4.PCl6,  and  SnCl4.POCl3,  and  a  solid  com- 
pound with  phosphine,  containing  3SnCl4.2PH,. 

The  trichloride^  or  Stannoso-stannic  chloride,  Known  only  in  solu- 
tion, is  produced  by  dissolving  the  sesquioxide  in  hydrochloric  acid. 
The  solution  acts  hke  a  mixture  of  the  dichloride  and  tetrachloride. 

Fluorides. — Stanvmu  Fluoride,  SnFj,  obtained  by  evaporating 
the  solution  of  stannous  oxide  in  hydrofluoric  acid,  crystalliBes  in 
small  shining  opaaue  prisms.  Stannic  fluoridey  SnF^,  is  not  known 
in  the  free  state,  out  unites  with  other  metallic  fluorides,  forming 
crystalline  compounds,  called  stannofluorides  or  fluoetannates, 
isomorphous  with  the  corresponding  silicofluorides,  titanofluorides, 
and  zircofluorides.  The  potassiimi  salt  contains  SnF4.2KF.H2O,  the 
l^arium  salt,  8nF4.BaF2,  &c. 

Oxides. — The  monoxide  or  Stannous  oxide,  SnO,  is  produced 
by  heating  stannous  oxalate  out  of  contact  with  the  air  ;  also  by 
igniting  stannous  hydrate.  This  hydrate,  2SnO.H20,  or  Sn-HjOo, 
is  obtained  as  a  white  precipitate  by  decomposing  stannous  chloricfe 
with  an  alkaline  carbonate,  carbon  dioxide  gas  being  at  the  same 
time  evolved.  This  hydrate,  carefully  washed,  dried,  and  heated  in 
An  atmosi)liere  of  carbon  dioxide,  leaves  anhydrous  stannous  oxide 
OA  a  dense  black  powder,  which  is  permanent  in  the  air,  but  when 
toucheil  with  a  red-hot  body,  takes  fire  and  burns  like  tinder,  pro- 
ducing the  dioxide.    The  hydrate  is  freely  soluble  in  <:A.\]t&Vk.  ^Xjb^^ 


.il 


<ii'  <';issit(*iiti'.  tile  cciiminii  ore  nC  till,  and 
till,  >laiiii<»ii-  n.\i<i(',  <>i'  staiiiiniis  liydratc  ii 
thus  pivjiaitMl  it  is  a  wliiio  or  ycUoMish  a 
passing  the  vaT)Our  of  Htannic  chloride  ni 
through  a  red-not  porcehiin  tube,  it  may  1 
is  not  attacked  by  acids,  even  in  the  conc( 

Stannic  oxide  forms  two  hydrates,  diffi 
composition  and  properties  ;  both,  howeve 
of  forming  salts  oy  exchanging  their  hyc 
hydrates  or  acids  are  stannic  acid,  Sr 
metastannic  acid,  SntOio-SH-O,  or  Hj 
capable  of  exchanging  tne  whole  of  its 
forming  the  stannates,  containing  M. 
exchanges  only  one-fifth  of  its  hydrogen 
nates,  HgMjSn^Oij. 

Stannic  acid  is  precipitated  by  acids  fi 
stannates,  also  from  solution  of  stannic 
barium  carbonate  not  in  excess  ;  alkaline  < 
acid  stannate.  When  dried  in  the  air  at 
has,  according  to  Weber,  the  composition  } 
half  the  water  is  given  off,  leaving  SnOg.H 

Stannic  hydrate  dissolves  in  the  stro 
stannic  salts  ;  thus  with  sulphuric  acid  i 
Sn(S0.)2  or  Sn0.2S03.  Hydrochloric  ac 
tetrachloride.     The  stannic  salts  of  oxygen 

Stannates. — Stannic  hydrate  exhibits  ac 
than  basic  properties.  It  forms  easily  solu 
and  from  these  the  insoluble  stannates  of  th 
metals  may  be  obtained  by  precipitation.  S 
which   is  much  used  in  calico-]>niitinfr  a: 
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crystalline  powder  insoluble  in  water  and  in  adds.  It  dissolves 
slowly  in  alkalis,  forming  metastannates,  but  it  is  gradually 
deposited  in  its  original  state  as  the  solution  absorbs  carbonic  acid 

from  the  air.    The  potassivm  salt,  K^B^Snfi^  or  a^q  [  (SnOj)^, 

may  be  precipitated  in  the  solid  state  by  addine  pieces  of  solid 
potash  to  a  solution  of  metastannic  acid  in  cold  potash.  It  is 
summy,  uncrystallisable,  and  strongly  alkaline.  The  sodium  sdlt, 
NajHgSnOjc,  prepared  in  like  manner,  is  crystallo-granular,  and 
dissolves  slowly,  but  completely,  in  water.  The  metastannates 
exist  only  in  the  hydrated  state,  being  decomposed  when  deprived 
of  their  basic  water. 

Tin  Sulphides. — The  monosulphidey  SnS,  is  prepared  by  fusii^ 
tin  with  excess  of  sulphur,  and  strongly  heating  the  product  It  is 
a  lead-grey,  brittle  substance,  fusible  at  a  red  heat,  and  soluble,  with 
evolution  of  sulphuretted  hydrogen,  in  hot  hydrochloric  acid.  A 
sesquisulphide  may  be  formed  by  gently  heating  the  above  compound 
with  a  third  of  its  weight  of  sulphur :  it  is  yellowish-grey,  and  easily 
decomposed  by  heat  The  bisulphide,  SnS,,  or  Mosaic  gold,  is  pre- 
pared by  ex^sing  to  a  low  red  heat,  in  a  glass  flask,  a  mixture  of 
12  parts  of  tm,  6  of  mercury,  6  of  sal-ammoniac,  and  7  of  flowers  of 
sulphur.  Sal-ammoniac,  cinnabar,  and  stannous  chloride  sublime, 
while  the  bisulphide  remains  at  the  bottom  of  the  vessel  in  the  form 
of  brilliantgold-coloured  scales  :  it  is  used  as  a  substitute  for  gold 
powder.  The  same  compound  is  obtained  as  an  amorphous  light- 
yellow  powder  by  passing  hydrogen  sulphide  into  a  solution  of 
stannic  chloride. 

Stannous  salts  give  with  : 
Fixed  caustic  alkalis :  white  hydrate,  soluble  in  excess. 
Ammonia:     carbonates^    ^'^'^^^  ^      .      i  ii     • 

ofpot(Ufsium,sodiwm,}'''^'^^   hydrate,  nearly  insoluble  in 


and  ammumivm,        . ) 


excess. 


Hydrogen  sulphide, 
Ammonium,  sulphide, 


'black-brown  precipitate  of  monosnl- 
phide,  soluble  in  ammonium  sul- 
phide containing  excess  of  sulphur, 
and  leprecipitated  by  acids  as 
yellow  bisulphide. 

Stannic  salts  nve  with  : 
Fixed  caustic  almlis :  white  hydrate,  soluble  in  excess. 
Ammoma :  white  hydrate,  slightly  soluble  in  excess. 
AlkaUne  carbonates :  white  hydrate,  slightly  soluble  in  excess. 
Ammonium  carbonate :  white  hydrate,  insoluble. 
Hydrogen  sulphide :  yellow  precipitate  of  bisulphide. 
Ammonium  sulphide :  the  same,  soluble  in  excess. 

Trichloride  of  gold,  added  to  a  dilute  solution  of  stannous 
chloride,  gives  rise  to  a  brownish-purple  precipitate,  called  purple  qf 
Cassius  (p  418X 
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The  useM  applicationB  of  tin  are  very  nnmeronB.     Ttnn^  ptott  ^ 
coDHLuts  of  iron  miperticiall^  alloyed  with  this  metal ;   porter,  tiT  the    1 
best   kind,  ia  chiellv  tin,  hardened  by   the   ailmtxturc  of  a  little 
Rntinidiiy,  &c.     Cooking-veaseLa  of  copper  are  usually  tinned  in  the 
interior.     The  xme  o!  tin  aolntionB  in  dyeing  and  calico-printitig  hm 
^vteTl  aln^Hdy  mentioned. 


TITAKim. 

Atomic  weight,  50.  Symbol,  Ti. 
This  is  one  of  the  rarer  metals,  and  ie  never  found  in  the  metallte 
state.  The  most  important  titanium  miaeraJs  are  ruHle,  broaktie,  ' 
and  nnabm,  which  are  different  fonns  of  titanic  oxide,  and  the 
Heverol  varietiee  of  titiaiferone  imn,  conn»ting  of  feirotu  titaaatie,  ' 
flonmtiiiies  alone,  but  more  generally  mixed  with  ferric  or  femwo- 
feriic  oxide.  Occasionally  m  the  slag  adhering  to  the  bottom  of, 
lilast-furnaceg  in  which  iron  ore  ie  reduced,  small  brilliant  csoppep- 
coloured  cubes,  hard  enoufjh  tn  seratch  slnss,  and  in  the  highest 
degree  infusible,  an;  fumid.  This  suljr:tui]te,  of  -nliich  a  .-^iuj;!^ 
Bm't'lting  funiHce  in  the  llnrXx  pi™liif('d  tut  mui-h  iis  W  poiiuil-i,  wii» 
formerly  believed  to  be  metallic  titanium.  Wiihler,  hoivevi-r,  has 
shown  it  to  lie  a  coiiiliinatiim  of  titanium  cyanide  with  titnniutn 
nitride.  When  these  crystals  are  imwdci-ed,  mixed  with  (»ita>.tiuni 
hydmte,  and  fused,  nmmoniit  in  Uk'olvcil,  and  potassium  tituiiiite  ii 
formed.  Metallic  1  illinium  ina  tini'lyilividcdntate  may  be  obiaiiied 
bv  heating  titanium  ond  iJutassinra  fluoride  with  p(it;u"8iiini.  This 
efeiueut  is  remarkable  for  iti;  affinity  for  nitn^'en  :  when  bentctl  in 
the  air,  it  abnultiuieoiialy  aliitorbs  oxygen  and  nitiiigen. 

Titanium'is  tetnidic,  like  tin,  and  forms  two  cluswa   of  ciini- 

?)unds  :   the  titanic   compounilfi,  in  whiiJi  it  is  iinadrivalent,  r.if., 
iCI„ 'no,,  and  the  titauoua  compoundi'.inwhit'hitiitatiiKirfiitlv 
TiClj 
tiivalcnt,  but  rvally  also  iiuadriv.ilent,  e.g.,  TijCl„,  or   I 

TiClj. 
Chlorides.— ridinoiK  rkhri'U,  Tijf'l„,  is  ].roducerl  by  iKissin-;  the 
vniioiir  of  litanic  chloride  mixi-il  with  hydrogi'ii  through  a  red-hot 
tube;  it  forms  dark  violet  scales  having  a  strong  toMtre.  Titanic. 
Mirule  TiCl4,  is  prejwred  by  jjiisning  chlorine  over  an  iiniitwl 
mixture  of  titanic  oxide  and  charcoal.  It  Ik  a  eolourleiw,  volatile, 
fnniing  liquid,  having  a  Bi>ecific  gmvitv  of  rTfitKI  at  <l°,  vajumr- 
denaity^B-fiM,and  boiling  at  135".  It'uniU's  very  violently  with 
water,  and  foniia  dctinite  compoumls  with  nuniiuiiia,  ammonium 
chloride,  hjilro^-n  cyanide,  cyanogen  chloride,  jiliiB-jitunt',  and  sul- 
phnr  tetrachlonde. 

Fluorides. —  Titanmin  ftuorid';,   Ti.F,..   is   obtaiiiod   ,^=    a    vinb't 
powder  by  igniting  polaBaio-LiVJuic  tluotide  in  liydrEigcu  gits,  and 
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treating  the  resultiiig  mass  with  hot  water.    Titanic  fluoridef  TiF4, 

S asses  over  as  a  fuming  colourless  liquid,  when  titanic  oxide  is 
istilled  with  fluor-spar  and  fuming  sulphuric  acid  in  a  platinum 
apparatus.  It  unites  with  hydrofluoric  acid  and  metallic  fluorides, 
forming  double  salts  called  titano-fluorides  or  fluotitanates, 
isomorphous  with  the  silicofluorides,  zircofluoridcs,  &c,  e.flr., 
TiF4.2KF ;  TiF^.CaFj. 

Oxides. — The  sesquioxide,  or  Titanous  oxide,  Ti^Oj,  is  obtained  by 
igniting  the  dioxide  in  hydrogen,  as  a  black  powder,  which,  when 
heated  m  the  air  to  a  very  high  temperature,  oxidises  to  titanic  oxide. 

The  dioxide,  or  Titanic  oxide,  occurs  native  in  three  diflferent 
forms,  viz.,  as  rutile  and  anatase,  which  are  dimetric,  and  brookite, 
which  is  trimetric  ;  of  these  anatase  is  the  purest,  and  rutile  the 
most  abundant  To  obtain  pure  titanic  oxide,  rutile  or  titaniferous 
iron  ore,  reduced  to  fine  powder,  is  fused  wiOi  twice  its  weight  of 
potassium  casbonate,  and  tne  fused  mass  is  dissolved  in  dilute  hvdro- 
fluoric  acid,  whereupon  titano-fluoride  of  potassium  soon  begins  to 
separate.  From  the  hot  aqueous  solution  of  this  salt,  ammonia 
throws  down  snow-white  ammonium  titanate,  which  is  easily 
soluble  in  hydrochloric  acid,  and  when  ignited  gives  reddish-brown 
lumps  of  titanic  oxide.  This  oxide  is  insoluble  in  water,  and  in  all 
acids  except  strong  sulphuric  acid.  By  fusing  it  with  six  times  its 
weight  of  acid  potassium  sulphate,  a  clear  yeUow  mass  is  obtained, 
which  dissolves  perfectly  in  warm  water. 

Titanic  oxide  appears  to  form  two  hydrates  or  acids,  analogous  to 
stannic  and  metastannic  acids.  One  ot  these,  called  titanic  acid, 
is  precipitated  by  ammonia  from  a  solution  of  titanic  chloride,  as  a 
white  powder  which  dissolves  easily  in  sulphuric,  nitric,  and  hydro- 
chloric acids,  even  when  these  acids  are  rather  dilute ;  but  these 
dilute  solutions,  when  boiled,  deposit  metatitanic  hydrate  as  a 
soft  white  powder,  which,  like  the  anhydrous  oxide,  is  insoluble  in 
all  acids  except  strong  sulphuric  acid. 

The  titanates  have  not  been  much  studied;  most  of  them  may 
\ye  represented  by  the  formulae  M4Ti04=2M20.Ti02,  and  M2Ti03= 
MgO.TiOg  (the  symbol  M  denoting  a  imivalent  metal).  The  titan- 
ates of  calcium  and  iron  occur  as  natural  minerals.  The  titanates 
of  the  alkali-metals  are  formed  by  fusing  titanic  oxide  with  alkaline 
hydrates,  carbonates,  or  acid  sulphates — ^some  of  them  also  in  the 
wet  way.  When  finely  pulverised  and  levigated,  they  dissolve  in 
moderately  warm,  concentrated  hydrochloric  acid ;  but  the  greater 
part  of  the  dissolved  titanic  acid  is  precipitated  on  boiling  the  solu- 
tion with  dilute  acids.  The  neutral  titanates  of  the  alkali-metals, 
MgTiOj,  are  insoluble  in  water,  but  soluble  in  acids.  The  titanates 
of  the  earth-metals  and  heavy  metals  are  insoluble,  and  may  be 
obtained  by  precipitation. 

In  a  soluti6n  of  titanic  acid  in  hydrochloric  acid,  containing  as 
little  free  acid  as  possible,  tincture  of  galU  produces  an  orange- 
coloured  precipitate;  pot<u8ivm ferrocyanide,  a  dark  brown  ^redi^i- 
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Tins  al»niit]iiTit  and  n>;c'fiil  metal    is  alt( 
jiativi'  sulphide,  or  gal^ui,  no  other  lead 
quantity.     The  reduction  is  effected  in  a  i 
which  the  crushed  lead-ore  is  introduced  ; 
at  a  dull  red  heat,  by  which  much  of  the  i 
by  oxidation  to  sulphate.    The  contents 
thoroughly  mixed,  and  the  temperature  i 
and  sulphide  react  upon  each  other,  produc 
metallic  lead : 

PbSO^  +  PbS  =  Pba  + 

Lead  is  a  soft  bluish  metal,  possessing  i 
specific  gravity  is  11*45.     It  may  be  easily 
drawn  out  into  coarse  wires,  but  has  very 
at  315*6°,  or  a  little  above,  and  boils  and  V( 
By  slow  cooling,  it  may  be  obtained  in 
moist  air  this  metal  becomes  coated  with 
thought  to  be  suboxide,  and  when  exposed 
melted  state  it  rapidly  absorbs  oxygen.     D 
ception  of  nitric  acid,  act  but  slowly  upon  1 

Lead  is  a  tetrad,  as  shown  by  the  constit 
Pb(C2HA  ;  but  in  its  inorganic  combinai 
forming  but  one  chloride,  rbCl^,  'wdth  cor 
iodide.  The  oxide  corresponding  with  these 
higher  oxides  in  which  tne  metal  may  be  r 
or  as  a  tetrad :  thus  the  dioxide  Pb02  may 

OZIPb=:0,  or  as  Pb  ^  T     . 
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acid,  dissolying  the  resulting  chloride' in  hot  water,  and  precipitat- 
ing with  lime-water.  A  third  oxychloride,  PbCl2.7PbO,  called 
patent  yellow  or  Tumer^s  yellow,  is  prepared  by  heating  1  pcfft  of 
sal-ammoniac  with  10  parts  of  litharge. 

Lead  Iodide,  Pbl2,  is  precipitated,  on  mixing  lead  nitrate  or 
acetate  with  potassium  iodide,  as  a  bright  yellow  powder,  which  dis- 
solves in  boiling  water,  and  crystallises  therefrom  in  beautiful 
yellow  iridescent  spangles. 

Oxides. — The  monoxide,  PbO,  called  litharge  or  massicot,  is  the 
product  of  the  direct  oxidation  of  the  metal.  It  is  most  conveniently 
prepared  by  heating  the  carbonate  to  dull  redness  ;  common 
Utharge  is  impure  monoxide  which  has  undergone  fusion.  Lead 
oxide  has  a  delicate  straw-yellow  colour,  is  very  heavy,  and  slightly 
soluble  in  water,  giving  an  alkaline  liquid.  It  is  soluble  in  potash, 
and  crystallises  from  the  solution  in  rhombic  prisms.  At  a  red 
heat  it  melts,  and  tends  to  crystallise  on  cooling.  In  the  melted 
state  it  attacks  and  dissolves  silicious  matter  with  astonishing 
facility,  often  penetrating  an  earthen  crucible  in  a  few  minutes,  fi 
is  easily  reduced  when  heated  with  organic  substances  of  any  kind 
containing  carbon  or  hvdrogen.  It  forms  a  large  class  of  salts,  often 
called  plumbic  salts,  wliich  are  colourless  if  the  acid  itself  is  not 
coloured. 

Triplnmbic  tetroxide,  or  Bed  lead,  is  not  of  very  constant  composi- 
tion, but  generally  contains  Pb304  or  SPbO.PbOj.  It  is  prepared 
by  exposing  the  monoxide,  which  has  not  been  fused,  for  a  long  time 
to  the  air,  at  a  very  faint  red  heat ;  it  is  a  brilliant  red  and  extremely 
heavy  powder,  decomposed,  with  evolution  of  oxygen,  by  a  strong 
heat,  and  converted  by  acids  into  a  mixture  of  monoxide  and 
dioxide.     It  is  used  as  a  cheap  substitute  for  vermilion. 

The  dioxide,  Pb02,  often  called  imce  or  brotcn  lead-oxide,  is  obtained 
without  difficulty  by  digesting  red  lead  in  dilute  nitric  acid,  whereby 
lead  nitrate  is  dissolved  out,  and  insoluble  dioxide  left  behind  in 
the  form  of  a  deep-brown  powder.  The  dioxide  is  decomposed  by  a 
red  heat,  yielding  up  one-half  of  its  oxygen.  Hydrochloric  acid 
converts  it  into  lead  chloride,  with  disengagement  of  chlorine ;  hot 
oil  of  vitriol  forms  with  it  lead  sulphate,  and  liberates  oxygen.  The 
dioxide  is  very  useful  in  separating  sulphurous  acid  from  certain 
gaseous  mixtures,  lead  sulphate  being  then  produced  :  PbOg+SOg 
=PbS04. 

DiphvmMc  oxide,  or  Lead  svhoxide,  PbjO,  is  formed  when  the 
monoxide  is  heated  to  dull  redness  in  a  retort ;  a  grey  pulverulent 
substance  is  then  left,  which  is  resolved  by  acids  into  monoxide  and 
metal  It  absorbs  oxjrgen  with  great  rapidity  when  heated,  and 
even  when  simply  moistened  with  water  and  exposed  to  the  air. 

Lead  Nitrate,  Pb{N08)2,  ^^  PbO.NjOg,  may  be  obtained  by  dis- 
solving lead  carbonate  in  nitric  acid,  or  by  acting  directly  upon  the 
metal  by  the  same  agent  with  the  aid  of  heat :  it  is,  as  already 
noticed,  a  bye-product  in   the  preparation  of  the   dioxide.     It 
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cryritnlliaes  in  anhydromi  octohedrofis,  which  are  canally  milk-w-hite 
and  iJiMqae.  It  dissolTes  in  7^  parts  of  cold  water,  and  is  <)L>coin- 
po-ii.'il  by  heat,  yielding  nitrogen  tetroxide,  oxygen,  and  Ivad 
iiioiioxiile,  which  olistinntely  retains  traced  of  nitrogen.  When  a 
solution,  of  this  salt  is  boiled  with  an  additional  quantity  of  lead 
oxide,  a  portion  of  the  latter  is  dissolved,  ami  a  basic  nitrate 
generatad,  which  may  be  obtained  in  crystals.  Carbonic  acid 
separates  this  excess  of  oxide  in  the  form  of  a  white  compound  of 
carbonate  and  hydrate  of  lead. 

Neutral  and  basic  compounds  of  lead  oxide  with  tlie  trioxide  and 
tetroxide  of  nitrogen,  have  been  described.  TheBe  la'ft  are  probably 
formed  by  the  ooiabination  of  a  nitrite  with  a  nitrate. 

Lead  Oarlxmate  ;  While  Lead;  PbCO,  or  PbO.COj.— Thin  salt 
is  i^iiiin'tiines  found  beautifully  crystallised  in  lung  wliite  noedles, 
;it'i^oni[>anfin)j  other  metallic  ores.  It  may  be  prepared  artlGt^ially 
by  |jrei:ipitatuig  in  the  oold  a  Bolution  of  the  nitrate  or  acelAte 
with  iin  alkaline  carbonate:  when  the  lead  solution  b  boiling,  the 
])n;uipitate  is  a  liasic  salt  containing  SPbCO^PbHiO,.  It  is  also 
miLiiufaiitured  tji  an  iriimen-^i-^  I'Xti'nt  by  olb,-:r  nu'ni.a  Sir  th,-  ii^..  of 
Uiu  jiainter.  Pure  liiul  airl)t>U!itu  isu  soft  while  pciwdiT,  <d"  f^re;it 
fl[iei-iflc  jjravity,  insoluble  in  water,  but  easily  di«solved  by  .liliit.^ 
nitric  or  acetic  acid.  Of  the  many  niethnds  pnt  in  pr.ictiii-,  ..r  pr.>- 
po-wd,  for  making  white  lead,  the  two  foUowing  are  tlit  nuist  im- 
portant and  intiTi'stiiif;.  One  of  these  consists  in  funning'  a  bii>(c 
nitrate  or  acetato  of  le-.id  by  Irailing  finely  powdered  lithar;;e  witli  tbr 
neutral  Halt.  ThtsKidutiou  is  then  bmugUt  iutocontiii't  witli  I'^irboiiic 
acid  gas,  whereby  nil  the  excess  of  oxide  previi.iuslv  taken  ny  ]-v  the 
neutral  wilt  in  at  once  precipitated  as  whitt-  lead.  The  ^ulution 
i*U',iiiii'd  or  prewiicd  from  Uie  latter  is  again  Iwiiled  with  litharge,  and 
treati-d  wilhairl)onicrtcid:  these  proccsaesare  susceptible  of  indelinitt 
r(')H:titiiiii,  wlien-by  the  little  loss  of  neutral  salt  left  in  the  pn^cipi- 
tates  is  cumiH-nsMed.  The  i<econd,  and  by  far  the  more  anvient 
methml,  is  rather  more  complex,  and  at  Hrst  sight  n'>t  v.'iy  intel- 
ligible, A  great  luinilier  of  eailJien  jam  are  prepiin^d,  int"  iMcb  >if 
wliich  is  jujunvl  a  lew  ounces  of  crude  vinegar;  a  mil  ..t  sb.it 
lead  is  then  introduced  in  such  a  manner  that  it  shall  iieiihrr  tnuch 
the  vinegar  nor  project  above  the  top  of  the  jar.  The  ve-^jcl  j  a^' 
next  arranged  in  a  Jatve  building,  side  by  itide,  upon  u  l:l^e^  i>f 
stable  miinure,  or,  slill  better,  siient  tan,  and  elosely  eovereii  with 
Iwjanls.  A  second  hyer  of  tan  h  apreail  n]u>n  the  top  of  tliv  l.ittt  r, 
and  then  asi'condsenesofpots  ;  thesearein  tunicnv-rnnl  with  lioiirds 
and  dt-ronipoMng  bark,  and  in  this  wanner  a  jiile  of  many  Kltt'iiui- 
tions  in  cfiiiHtnicteil.  After  the  laiiRe  of  a  con^iili-raUe  tinir.  tlw 
pile  is  taken  down  and  the  sheetif  of  lea-l  are  removed  and  mri-fullv 
unrolled;  they  are  then  found  to  be  in  great  juirt  convi'rt.-d  inw 
carbonate,  which  merely  reiiuires  washing  and  giiiidiiig  to  In.,  fit  f|,r 
use.  The  nature  of  tliis  curious  jiniieHS  is  H<iJi-nilIy  exphunvd  by 
gupposhig  the  vapoui  ol  vmu^M  taWai.  Vi^j  ^-lii  lii^h  temperature  of 
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the  fermenting  matter,  merely  to  act  as  a  carrier  between  the  carbonic 
acid  evolved  from  the  tan  and  the  lead  oxide  formed  under  the 
influence  of  the  acid  vapour,  a  neutral  acetate,  a  basic  acetate,  and  a 
carl)onate  being  produced  in  succession,  and  the  action  gradually 
travelling  from  tne  surface  inwards.  The  quantity  of  acetic  acid 
used  is,  in  relation  to  the  lead,  quite  trifling,  and  cannot  directly 
contribute  to  the  production  of  the  carbonate.  A  preference  is  still 
given  to  the  product  of  this  old  mode  of  manufacture,  on  account  of 
its  superior  opacity,  or  body,  over  that  obtained  by  precipitation. 
Commercial  wnite  lead,  however  prepared,  always  contains  a  certain 
proportion  of  hydrate.  .  It  is  sometmies  adulterated  with  barium 
sulphate. 

When  clean  metallic  lead  is  put  into  pure  water  and  exposed  to 
the  air,  a  white,  crystalline,  scaly  powder  begins  to  show  itself  in  a 
few  hours,  and  very  rapidly  increases  in  quantity.  This  substance 
may  consist  of  lead  hydrate,  formed  by  the  action  of  the  oxygen 
dissolved  in  the  water  upon  the  lead.  It  is  slightly  soluble,  and 
may  be  readily  detected  in  the  water.  In  most  cases,  however,  the 
formation  of  this  deposit  is  due  to  the  action  of  the  carbonic  acid 
dissolved  in  the  water  :  it  consists  of  carbonate  in  combination  with 
hydrate,  and  is  nearly  insoluble  in  water.  When  common  river  or 
spring  water  is  sub^tuted  for  the  pure  liquid,  this  efl'ect  is  less 
observable,  the  little  sulphate,  almost  invariably  present,  causing  the 
deposition  of  a  very  thin  but  closely  adherent  lilm  of  lead  sulphate 
upon  the  surface  of  the  metal,  which  protects  it  from  further  action. 
It  is  on  this  account  that  leaden  cisterns  are  used  with  impunity,  at 
least  in  most  cases,  for  holding  water :  if  the  latter  were  quite  pure, 
it  would  be  speedily  contaminated  with  lead,  and  the  cistern  would 
be  soon  destroyed.  Natural  water  highly  charged  with  carbonic  acid 
cannot,  under  any  circumstances,  be  Kept  in  lead  or  passed  through 
leaden  pipes  with  safety,  the  carbonate,  though  insoluble  in  pure 
water,  being  slightly  soluble  in  water  containing  carbonic  acid. 

The  soluble  salts  of  lead  behave  with  reagents  as  follows  : — 
Caustic  potash  and  soda  precipitate  a  white  hydrate  freely  soluble 
in  excess.  Ammonia  gives  a  similar  white  precipitate,  not  soluble 
in  excess.  The  carbonates  of  potassiurrij  sodium,  and  ammonium 
precipitate  lead  carbonate,  insoluble  in  excess.  Sulphuric  acid  or  a 
sulphate  causes  a  white  precipitate  of  lead  sulphate,  insoluble  in  nitric 
acid.  Hydrogen  sulphide  ena  ammonium  sulphide  throw  down  black 
lead  sulphide.  Lead  is  readily  detected  uefore  the  blowpipe  by 
fusing  the  compound  under  examination  on  charcoal  with  sodium 
carbonate,  when  a  bead  of  metal  is  easily  obtaine<l,  which  is  recog- 
nised by  its  chemical  as  well  as  physical  properties. 

An  alloy  of  2  parts  of  lead  and  1  of  tin  couBtHntefi  plumbers^  solder ; 
these  proportions  reversed  give  a  more  fusible  compound,  called  fine 
solder.  The  lead  employed  in  the  manuiacture  of  shot  is  combined 
with  a  little  arsenic 


I  ins  iiii]>ort:int  iiutnl  is  fnunil  cliietlyin 
nri'  is  iVt-eil  Ity  I'li-idii  tVoiii  eartliv  in 
d('('i)mp().>L'd  by  hcatiii;^'  with  metallic  ii 
which  retains  the  sulphur. 

Antimony  has  a  bluish- white  coloui 

extremely  brittle,  being  reduced  to  pov 

Its  specinc  cravrity  is  6*8  ;  it  melts  at  a 

redness,  and  boils  and  volatilises  at  a  > 

a  distinct,  crystalline,  platy  structure,  but 

it  may  be  obtained  in  crystals,  which  are 

oxidised  by  the  air  at  common  temperatui 

it  bums  with   a   white  flame,   producii 

deposited  in  beautiful  crystals.     It  is  disj 

acid,  with  evolution  of  hydrogen  and  prod 

I'  acid  oxidises  it  to  antimonic  acid,  which  i 

Antimony  forms  two  classes  of  compoui 
pounds  in  which  it  is  trivalent,  as  SbClj, 
antimonic  compounds  in  which  it  is  qiiinq 
^^2^6>  &c. 

Ohloxides. — The    trichloride    or    Antr, 
formerly  called  butter  of  antimony,  is  p 
sulphide  is  prepared  by  the  action  of  str 
I  antimonious  sulphide.     The  impure  and  1 

obtained  is  put  into  a  retort  and  distilled,  i 
densed  product,  on  falling  into  the  aqueo 
produces  a  copious  white  precipitate.  The 
and  the  distillation  continued.  Pure  an 
passes  over,  and  solidifies  on  cooling  to  a 
mass,  from  which  the  air  must  be  careful 
compound  is  formof^  T»^^  .ir^^^m-- 
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0/  Algarotji ;  it  is  a  compound  of  trichloride  and  trioxide  of  antimony. 
Alkaline  solutions  extract  the  chloride  and  leave  the  oxide.  Finely 
powdered  antimony  thrown  into  chlorine  gas  takes  fire. 

The  Pentachhride  or  AntiTnonic  chloride^  SbClg,  is  fonned  by  passing 
a  stream  of  chlorine  gas  over  gently  heated  metallic  antimony :  a 
mixture  of  the  two  chlorides  results,  which  may  be  separated  by 
distillation.  The  pentachloride  is  a  colourless  volatile  liquid, 
which  forms  a  crystalline  compoimd  with  a  small  portion  of  water, 
but  is  decomposed  by  a  larger  quantity  into  antimonic  and  hydro- 
chloric acids. 

Antimonious  Hydride.  Antixnonetted  Hydrogen.  Stibine, 
SbHy — When  zinc  is  put  into  a  solution  of  antimonious  oxide,  and 
sulphuric  acid  added,  part  of  the  hydrogen  combines  with  the 
antmiony,  and  tlie  resulting  gas,  which  is  a  mixture  of  stibine  with 
free  hydrogen,  bums  with  a  greenish  flame,  giving  rise  to  white 
fumes  of  antimonious  oxide.  When  the  gas  is  conducted  through  a 
red-hot  glass  tube  of  narrow  dimensions,  or  burned  with  a  limited 
supply  of  air,  as  when  a  cold  porcelain  surface  is  pressed  into  the 
flame,  metallic  antimony  is  deposited.  On  passing  a  current  of 
aiitimonetted  hydrogen  through  a  solution  of  silver  nitrate,  a  black 
precipitate  is  obtained,  containing  SbAg,:  from  the  formation  of  this 
compound  it  is  inferred  that  the  gas  nas  the  composition  SbHg, 
analogous  to  ammonia,  phosphine,  and  arsine.  There  are  also 
several  analogous  compounds  of  antimony  with  alcohol- radicles, 
such  as  trimeuiylstibine,  Sb(CH3)3,  triethylshbine,  Sb(C2H5)3,  &c. 

Oxides. — Antimony  forms  two  oxides,  SbgOo  and  SbjOg,  analogous 
to  the  chlorides,  the  first  being  a  basic  and  the  second  an  acid 
oxide,  also  an  intermediate  neutral  oxide,  8^04.  The  trioxide^  or 
Antimonums  oxxdcy  SbjOj,  occurs  native,  thougn  rarely,  as  valentinite, 
or  white  antimony,  in  shining  white  trimetric  crystals ;  also  as 
stnarmontite  in  regular  octohedrons  :  it  is  therefore  Amorphous.  It 
may  be  prepared  by  several  methods :  as  by  burning  metallic 
antimony  at  the  bottom  of  a  large  red-hot  crucible,  in  which  case  it 
is  obtained  in  brilliant  crystals ;  or  by  pouring  solution  of  anti- 
monious chloride  into  water,  and  digesting  the  resulting  precipitate 
with  a  solution  of  sodium  carbonate.  The  oxide  thus  produced  is 
anhydrous  ;  it  is  a  pale  buif-coloured  powder,  fusible  at  a  red  heat, 
and  volatile  in  a  closed  vessel,  but  in  contact  with  air  at  a  high 
temperature,  it  absorbs  oxygen  and  becomes  changed  into  the 
tetroxide.  When  boiled  with  cream  of  tartar  (acid  potassium 
tartrate),  it  is  dissolved,  and  the  solution  yields  on  evaporation 
crystals  of  tartar  emetic,  which  is  almost  the  only  antimomous  salt 
that  can  bear  admixture  with  water  without  decomposition.  An 
impure  oxide  for  this  purpose  is  sometimes  prepared  by  carefully 
roasting  the  powdered  sulphide  in  a  reverberatory  furnace,  and 
raising  the  heat  at  the  end  of  the  process,  so  as  to  fuise  the  product : 
it  has  long  been  known  under  the  name  glass  of  antimony y  or  vitnim 
antimxmii. 
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Antimanione  oxide  likewise  acts  aa  a  feeble  aciil,  fomlBg  Hiitt 
ciillfil  atUimonitee  which,  however,  are  very  imslable. 

The  tctroxide,  or  AntimontMa-antimoaic  axidt,  Bhfi,  or  Sb^Oj.StijO,, 
occurs  native  a»  etrvantite,  or  antinuiny  ocKrt,  ia  adculur  crystals,  or 
OH  II  i:ruHt  or  powder.  It  ii  the  nltiumte  pnKluA  of  the  oxidation  of 
the  metal  "h/f  heat  and  air :  it  ia  a  grevish-white  powder,  infiiMble 
and  iti  in- volatile,  insoluble  is  water  and  aoids,  except  when  reoeullv 
prMcijiitatcd.  On  treatina  it  with  tartaric  acid  (acid  potawiuiii 
tartrate),  anttmonioiu  oxide  ia  dissolved,  antimonic  acid  remainine 
behinil ;  and  when  a  Bolntion  of  the  tetroxide  in  hydrochloric  acid 
is  )^kiliuLlly  drop])ed  into  a  la^e  quimtity  of  water,  andmoiiioua 
oxide  is  procipitated,  while  antimonic  acid  remains  disaolvBd. 
From  theae  and  siniilar  reactisuB  it  haa  been  inferred  that  the 
tetriixide  is  a  compound  of  the  triuxida  and  pentoxide.  On  the 
other  band,  it  ia  sometimeB  re^rded  an  a  distinct  oxide,  because  it 
di>ii>ulves  without  deconipoaitioa  in  alkalis,  fonuinf  iwlu  (often 
called  rintwwBiiiM)  which  may  ba  a"  '     '  '    '^       '  ~ 

pota-wium  salts,  for  example^  nave  bOL 

and   K,O.SSbjOf ;   and  a  ealmum  ■  ^         ^       i»mi  —  m 

natural  niinera.1,  I'nllfd  rmaeinc.  Tbew  ulfiT'iiiiy,  H^iwS,  \»; 
rcLGiided  as  cnnipoiiiiil^  of  imtitnountes  and  antinionites  (<:outain- 
in-  SI)iOa) :  thii.s,  2{K-/).Q\i^^  -  KiO.Sli,0,+  ii,O.Sl.,Oj.  _ 

The  jmtlojcuU,  oT  Aalimoaie oxide,  ShjOj,  is  ibrmed  aii  an  iiiPioliiljle 
hydnitc  when  ftron;;  nitric  acid  in  niude  tu  act  upon  metallic 
autiiiioiiy ;  and,  on  exposing  this  hvdnite  to  a  heat  sliort  of  redne^. 
it  yields  the  anhydrous  pentnxide  as  a  rnde  stniw-colonred  jH.Hder, 
insiliible  in  watur  and  acida.  It  is  ueconiposed  by  a  red  beat, 
yiiddins  the  tetroxidc. 

Hyilrated  antimonic  oxide  is  likewise  obLiined  liy  doFonipri^intr 
antimony  pentiichlnride  with  an  cxce!*s  of  water,  hydrochliirii:  acid 
bein^  formed  at  the  same  time.  The  hydiated  oxides,  or  acids, 
prnrlnceil  by  the  two  pnicesseii  mentioned,  differ  in  many  of  their 
propBrtic.4,  and  e»peciit1lv  in  their  deportment  with  Imses.  The  acid 
produfed  by  nitric  acid,  called  antimonic  acid,  is  monobui<ir. 
produ('in<;  normal  snltHofthe  fonn  MjO.Sli.Oj  or  3fSbO»  and  aiid 
suits,  cuntaiiiinj,'  MjO.SSKO.or  2MSbOj.SbA.  The  other,  failed 
roctantimouic  acid,  is  bUiasic,  forming  normal  salts  cnntaininv' 
glLO.Slt^Oi  or  MjSb,0„  and  acid  Baits  containinjf  2M,0.2SbjOi  or 
SUO.Sh^O.^  so  that  the  acid  metantinionates  are  laumeric  or  puly- 
meric  witli  the  normal  aitimonates  Ainong  the  metantimonatt* 
on  aciil  ]>ota!i!dum  salt,  KjO.Sl)aO,.7HjO,  is  to  be  pnrtieularly 
noticeil  as  yielding  a  jirecipitute  witn  sodium  salts :  it  in,  indeed. 
the  only  reagent  which  presipitatcs  sodium.  It  is  obtaineil  by 
fusing  antimonic  oxiile  with  bd  cxccis  of  potash  in  a  sih-er  cni- 
cible,  dissolving  the  fused  mass  in  a  small  quantity  of  cold  water, 
anil  allowing  it  to  crystallise  in  a  vacuum.  The  crystals  consist 
of  normal  potas-sium  metantinionate,  2K(O.SbjO(,  and,  when  dis- 
solced  in  pure  water,  are  decomposed  into  ft«e  potash  and  ncid 
melon  timonate. 
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Sulphides. — The  triMilphide,  or  Antimoniovu  mlphidef  Shfi^accxuB 
native  as  a  lead-^ey,  brittle  substance,  having  a  radiated  crystalline 
texture,  and  easily  fusible.  It  may  be  prepared  artificially  by 
melting  .toother  antimony  and  sulphur.  When  a  solution  of 
tartar-emetic  is  precipitated  by  hydrogen  sulphide,  a  brick-red  pre- 
cipitate falls,  wnich  is  the  same  substance  combined  with  a  bttle 
water.  If  the  precipitate  be  dried  and  gently  heated,  the  water 
may  be  expelled  without  other  change  of  colour  than  a  little 
darkening,  but  at  a  higher  temperature  it  assumes  the  colour  and 
aspect  ot  the  native  sulphide.  This  remarkable  change  probably 
indicates  a  passage  from  the  amorphous  to  the  crystalline  state. 
When  powdered  antimonious  sulphide  is  boiled  in  a  solution  of 
caustic  potash,  it  is  dissolved,  antimonious  oxide  and  potassium 
sulphide  being  produced ;  and  the  latter  unites  with  an  additional 
quantity  of  antimonious  sulphide  to  form  a  soluble  sulphur-salt, 
in  which  the  potassium  sulphide  is  the  sulphur-base,  and  the 
antimonious  sulphide  is  the  sulphur-acid  : 

3K^0  -I-  aSbjS,  =  SbjOj  +  SK^S-SbsSj. 

The  antimonious  oxide  separates  in  small  crystals  from  the  boiling 
solution  when  the  latter  is  concentrated,  and  the  sulphur-salt  dis* 
solves  an  extra  portion  of  antimonious  sulphide,  which  it  again 
deposits  on  cooling  as  a  red  amorphous  powder,  containing  a  small 
admixture  of  antimonious  oxide  and  potassium  sulphide.  This  is 
the  kermes  mineral  of  the  old  chemists.  The  filtered  solution  mixed 
with  an  acid  gives  a  potassium  salt,  hydrogen  sulphide,  and  precipi- 
tated antimonious  sulphide.  Kermes  may  also  be  made  by  fusing 
a  mixture  of  5  parts  antimonious  sulphide  and  3  of  dry  sodium 
carbonate,  boiling  the  mass  in  80  parts  of  water,  and  filtering  while 
hot :  the  compoimd  separates  on  cooling.  The  compounds  of 
antimonious  sulphide  with  basic  sulphides  are  called  stdpk- 
antimonites;  many  of  them  occur  as  natural  minerals.  For  example  : 
zinkenite,  PbS.SbjS3 ;  feather-ore,  2PbS.Sb2Sg ;  boulangerite, 
SPbS.SbjSg ;  fahlore,  or  tetrahedrite,  4Cu4S.Sb2^,  the  antimony 
being  more  or  less  replaced  by  arsenic,  and  the  copper  by  silver, 
iron,  :«inc,  and  mercury. 

The  penta^tdphide,  or  Antvnumic  mlphide,  Sb^Sg,  formerly  called 
sulphur  awratum^  is  also  a  sulphur-acid,  forming  salts  called  gulph- 
antimonatesy  most  of  which  nave  the  composition  SM-S.SbgSg  or 
M,SbS4,  analogous  to  the  normal  orthophosphates  and  arsenates. 
When  18  parts  of  finely  powdered  antimonious  sulphide,  17  parte 
<lry  sodium  carbonate,  13  parts  slaked  lime,  and  3i  parts  sulphur, 
are  boiled  in  water  for  some  hours,  calcium  carbonate,  sodium 
antimonate,  antimony  pentasulphide,  and  sodium  sulphide  are 
produced.  The  first  is  insoluble,  and  the  second  partially  so  :  the 
two  last-named  bodies,  on  the  contrary,  unite  to  form  soluble  sodium 
Rulphantimonate,  NajSbS^,  which  may  be  obtained  by  evaporation 
in  l>eautiful  crystals.  A  solution  of  this  substance,  mixed  with 
dilute  sulphuric  acid,  formshes  sodium  sulphate,  hydrogen  8uli2lud&^ 
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and  AntiEtumy  pentasulphide,  which    (aIU    as 
flocculi'nt  precipitate. 

The   Bulphantinionates  of  the  alkali-metnls  nnd   alkaline  eaitfc  " 
metals  are  very  soluble  in  wal^r,  and  crjatallise  tVir  the  nicrst  jmA    i 
irith  wvend  moleculeB  of  water.    ThciBe  of  the  hi^avy  luslalH  a~' 
inEoIuble,  and  ore  obtained  hj  precipitatios. 


The  few  salts  of  antimony  Boluble  in  water  are  distinctly 
eharacterieed  by  the  orange  or  brick-red  preeipitaW  with  hgrtngm 
Kdpkiik,  which  ie  soluble  in  a  solutian  of  ammonium  sulphide,  anil 
again  precipitated  by  an  acid. 

Antimommis  chloride,  as  already   ohaeTved,  ie   decoTUposed   by 
toater,  yielding  a  precipitate  of  oxychloride.     The  preiapitate  dis- 
solves in  hy£ochlorio  acid,  and  the  resulting  aolntion  give*,  Trith 
potath,awhiie  precipitate  of  trioidde,  soluble  in  a  large  excess  of  the 
reagent;  with  ammoma  theBame,in8olDb1einexcew;  withpotantnlj 
or  mlium,  aarbtntaU,  aUo  A  pTecipitat«  of  trioude,  which  diuolvM  jwl 
exct'se,  especially  of  the  pobuuiuin  salt,  bnt  reappears   ft     a  wMlic^ 
If,   however,   the   Hnliitinti    conljiins   tfirtiin'r 
formed  by  potash  dissolves  easily  in  esceKH  o 
forms  but  a  slight  precipitate,  and  tlie  pre   i  ta  es      n  ei 
alkaline  ciirlioitatcs  are  iuaoluble  in  excess.    Tl 
characters  are  likewise  exhibited  by  a  sol  ti  rt       m 

(potassio-antinioiiioits  tartrate).    Zinc  and  trm     rec  m 

Rom  its  solutions  as  a  black  powder.    Copi      pre   p    te 
shining  metallic  film,  which  may  l>e  dissol  ed    ff         po  utk 
perman^nate,  yielding  a  solution  which  will  gi       h     h  ra     n. 
red  precipitate  with  hydrogen  sulphide. 

Solid  antimony-ci>ni  pounds,  fused  upon    h  w  h     im]    m 

carbonate  or  potassium  cyanide,  yield  a  orittl 
a  thick  white  fume  being  at  the  same  tin  If 

charcoal  covered  to  some  distance  around  m   h        h  p 


Besides  its  application  to  medicine,  anti 
portance  iii  the  artii,  inasmuch  af,  iii  com 
lorms  tig)e-mielal.  This  alloy  expands  at  the 
and  takes  an  exceeding  sharp  impre^on 
remarkalile  that  both  its  constituents  shrink  ui 
stances,  and  make  ^'ery  l)ud  castings. 

Britannia  metid  Is  an  alloy  of  9  parts  tin 
frequently  also  containing  "small  qunntitie 
bismuth.  An  alloy  of  12  parts  tin,  1  part  a 
quantity  of  copper^  forma  a  siipei'ior  kind 
antimony  with  tin,  or  tin  and  lead,  are 
fliachinery-beariiigs  in  place  of  gun-metal.  . 
mtb  nickel  and  with  siVver  owui  aa  na.i.uia.1  mi 
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Antimony  trisulphide  enters  into  the  composition  of  the  blue 
signal-lights  used  at  sea."*^ 


ABSENIO. 

Atomic  weight,  75.    Symbol,  As. 

Arsenic  is  sometimes  found  native :  it  occuis  in  considerable  quan- 
tity as  a  constituent  of  many  minerals,  combined  with  metals, 
sulphur  and  oxygen.  In  the  oxidised  state,  it  has  been  found  in 
very  minute  quantity  in  a  great  many  mineral  waters.  The  laigest 
proportion  is  derived  from  the  roasting  of  natural  arsenides  of  iron, 
nickel,  and  cobalt  The  operation  is  conducted  in  a  reverberatory 
furnace,  and  the  volatile  products  are  condensed  in  a  long  and  nearly 
horizontal  chimney,  or  in  a  kind  of  tower  of  brickwork,  divided  into 
numerous  chambers.  The  crude  arsenious  oxide  thus  produced  is 
purified  by  sublimation,  and  then  heated  with  charcoal  m  a  retort ; 
the  metal  is  reduced,  and  readily  sublimes. 

Arsenic  has*a  steel-grey  colour,  and  high  metallic  lustre  :  it  is 
crystalline  and  very  brittle ;  it  tarnishes  in  the  air,  but  may  be 
preserved  unchanged  in  pure  water.  Its  density,  in  the  solid  state, 
IS  5*7  to  5*9.  When  heated,  it  volatilises  without  fusion,  and  if  air 
be  present,  oxidises  to  arsenious  oxide.  Its  vapour-density,  compared 
with  that  of  hydrogen,  is  150,  which  is  twice  its  atomic  weignt,  so 
that  its  molecule  in  the  gaseous  state,  like  that  of  phosphorus, 
occupies  only  half  the  volume  of  a  molecule  of  hydrogen  (p.  250). 
The  vapour  has  the  odour  of  garlic. 

Arsenic  combines  with  metals  in  the  same  manner  as  sulphur  and 
phosphorus,  which  it  resembles,  especially  the  latter,  in  many 
respects :  indeed,  it  is  often  regarded  as  a  metalloid. 

Arsenic,  like  nitrogen,  behaves  inmost  respects  as  a  triad  element, 
not  being  capable  of  uniting  with  more  than  three  atoms  of  any  one 
monad  element.  Thus  it  forms  the  compounds  AsHj,  AsClj,  AsBrj, 
&c.,  but  no  compound  analogous  to  the  pentachloride  of  phosphorus 
or  antimony.  But  just  as  ammonia,  KH3,  can  take  up  the  elements 
of  hydrochloric  acid  to  form  sal-ammoniac,  NH4CI,  in  which  nitrogen 
appears  quinquivalent,  so  likewise  can  arsenetted  hydrogen  or  arsine, 
AsHg,  imite  with  the  chlorides,  bromides,  &c.,  of  3ie  radicles, 
methyl,  ethyl,  &c.,  to  form  salts  in  which  the  arsenic  appears  to  be 
quinquivalent,  e.g,  : 

Arsenethylium  bromide,     ,    AbHM^^Bt, 
Arsenmethylium  chloride,  .    AsH3(CH3)Cl. 

*  Blue  or  Bengal  light : 

Dtv  potassium  nitrate,  .  .       6  parts. 

Snlpuur, 2    „ 

Antimony  trisulphide,  ...        1  part 

All  in  fine  powder,  and  intimately  mixed. 
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,   Brsentrimelliyl,    Ae(OH,)j, 


s   witli    I^H 


chtrjriilen  of  methyl  anil  ethyl,  forming  the  ccmponndH 
nn,l  A.(UILV(CX)C1. 

Ar^i^iiiu  ukewise  fornu  two  oxidee,  viz.,  araemoua  oxide,  Aa.O„ 
anil  aivenic  oxide,  Aa,Oj,  witli  corresponding  acida  and  rails, 
an[iloi,Mii8  to  the  phfspboroun  and  phiwplniric  coniponnda:  the 
arsi-iiateB,  in  partieuliir,  are  iBomorphoUB  with  the  orlhophosphateB, 
ami  i'i'.-ii!uible  them  cloeely  in  many  odier  reepecte. 

Araenioaa  Ohlorida,  AsClj.—Thia,  the  onl^  kuown  chloride  oi 
arsciiii-,  is  produced,  with  emisaioD  ot  heat  and  light,  when  powdered 
an^enie  is  thrown  into  dilorine  gas.  It  is  prepaml  by  diHtilUng  a 
mixture  of  1  part  of  metallic  arsenic  and  6  ports  of  corrosive  sub- 
limate, and  by  distilling  anenioua  oxide  with  atroDg  hydrochloric 
aciil,  or  with  a  mixture  of  couunon  mlt  and  sulphuric  acid.  It  is  ■ 
colourless,  volatile,  highly  poisouous  hquid,  dccom^oKed  by  wnler 
into  arsenunu  and  hydrochloric  adds.  ArMnitnii  wdidt,  Asl^  is 
fnnueii  by  heatuig  metallic  arsenic  with  iodine  :  it  is  a  deep  red 


bivmi'k  and^MO 


'  both  liquid 


Hydrides. — Arsenic  forms  two  hydrides,  containing  2  and  3 
atoms  of  hydrogen  combined  with  1  atom  of  arsenic. 

The  trihydritle,  Araeniout  hijdride,  Anenelled  hydrogen  or  Armiif, 
AaHj,  analogous  in  coni}Kisition  to  ammonia,  phosphine,  and  atibine, 
is  obtained  pure  by  the  action  of  strong  hydrochlorii;  add  on  an 
alloy  of  eiiual  parts  of  zinc  and  arsenic,  and  is  produced  iu  greater 
or  lesser  proportion  whenever  hydrogen  is  set  free  in  contact  with 
arxenious  acid,  Arseiietted  hydrogen  is  a  colourless  gaa,  of  specilic 
graWty  2'695,  slightly  soluble  in  water,  and  lia\-ing  the  amell  of 
garlic.  It  bums,  when  kindled,  with  a  blue  flame,  generating 
ar^<ellio^s  acid.  It  is  also  decomposed  by  transnuKsiun  through  a 
red-hot  tube.  Many  metallic  solutions  are  precipitated  by  this  i^ub- 
stance.  When  inhaled,  it  is  exceedingly  poisonous,  even  in  reiy 
minute  quantity. 

AsHj 
)r  rather  AjIjH,=  |        ,is  produced  by 

A.-H2 
t  through  water,  the  negative  pole  being 
;  also  when  potassium  or  so<liuiu  arseuide 
abrownpowder,whicli gives  off  hydrogen 
■ssel,  and  bums  when  heated  in  the  air. 
.    composition    to    arsendimethyl  ot    cacodvl. 


The   dUiydride   AsHj, 

pascin"  an  electric  currei 
toniied  of  metallic  arsenii 
is  dissolved  in  water.  It  i 
when  healed  in  a  close  ' 
It  is  analugou 
Ah^CH^}^. 

Arsenious  Oxide,  Acid,  and  Salts. — Arscntom  omie,  AajO^,  al$o 
called  trhite  oxide  of  arsevic,  is  produced  iu  the  niitniier  alivudy 
mentioned.  It  is  commonly  met  with  iu  the  form  of  a  heavy, 
white,  glassy- looking  substance,  with  amiKitb  conoboidai  fracture, 
baving  evidently  unAergoae  ^aaoti.    ■^Ven.  (realily  prepared  it  is 
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often  transparent,  but  by  keeping  becomes  opa<^ae,  at  the 
same  time  slightly  diminisning  in  density,  and  ac(][uirmg  a  greater 
degree  of  soluoility  in  water.  100  parts  of  that  liquid  dissolve  at 
100^  about  11*5  parts  of  the  opaque  variety:  the  larger  portion 
separates,  however,  on  cooling,  leaving  about  3  parts  dissolved :  the 
solution,  which  contains  arseniaus  add,  feebly  reddens  litmus. 
Cold  water,  agitated  with  powdered  arsenious  oxide,  takes  up  a  still 
smaller  quantity.  Alkalis  dissolve  this  substance  freely,  forming 
arsenites ;  compounds  with  ammonia,  barjrta,  strontia,  lime,  magnesia, 
and  manganous  oxide  also  have  been  formed :  the  silver  salt  is  a 
beautiful  lemon-yellow  precipitate.  The  arsenites  are,  however, 
very  unstable.  Those  which  have  the  composition  M3ASO3,  or 
dMgO.A&jOj,  are  regarded  as  normal  salts ;  there  are  also  arsenites 
containing  M^AsjO^,  or  2M20.AsaO^  and  MAsO,,  or  M^O.AsoOg, 
besides  acid  salts.  Arsenious  oxide  is  easily  soluble  in  hot  hyoro- 
chloric  acid.  Its  vapour  is  colourless  and  inodorous,  and  it  crystal- 
lises on  solidifying  in  brilliant  transparent  octohedrons.  The 
oxide  or  acid  itself  nas  a  feeble  sweetish  and  astringent  taste,  and 
is  a  most  fearful  poison. 

Arsenic  Oxide,  Acid  and  Salta — When  powdered  arsenious 
oxide  is  dissolved  in  hot  hydrochloric  acid,  and  oxidised  by  the 
addition  of  nitric  acid,  the  latter  being  added  as  long  as  red  vapours 
are  produced,  the  whole  then  cautiously  evaporated  to  complete 
dryness,  and  the  residue  heated  to  low  redness,  arsenic  oxide, 
AsgOg,  remains  in  the  form  of  a  white  anhydrous  mass  which  has 
no  action  upon  litmus.  When  strongly  heated,  it  is  resolved  into 
arsenious  oxide  and  free  oxygen.  In  water  it  dissolves  slowly  but 
completely,  giv^ing  a  highly  acid  solution,  which^  on  being  evapor- 
ated to  a  syrupy  consistence,  deposits,  after  a  time,  hydrated  crvstals 
of  arsenic  acid,  containing  2H, ASO4.  H^O,  or  3H jO.  AsjOg + aq.  These 
crystals,  when  heated  to  100  ,  give  off  their  water  of  crystallisation 
and  leave  trihydric  arsenate,  HjAsO^,  or  3H20.As»Og  ;  at  140°-160°, 
dihydric  arsenate,  H^AsoOp  or  2HoO.A&X)5,  is  left;  and  at  260°, 
Tnaiiohydric  OArse^uUe,  HAsOg,  or  H20.As»05.  The  aqueous  solutions 
of  the  three  hydrates  and  of  the  anhyarous  oxide  exhibit  exactly 
the  same  characters,  and  all  contain  trihydric  arsenate,  the  other 
hydrates  being  immediately  converted  into  that  compound  when 
dissolved  in  water ;  in  this  respect  the  hydrates  of  arsenic  oxide 
differ  essentially  from  those  of  phosphoric  oxide  (p.  23d). 

Arsenic  acid  is  a  very  powerful  acid,  forming  salts  isomorphous 
with  the  corresponding  jpnosphates  :  it  is  also  tribasic.  A  soditum 
arsenate,  Na^HAs04.12H^O,  undistiuguishable  in  appearance  from 
common  sodmm  phosphate,  may  be  prepared  by  adding  the  carbonate 
to  a  solution  of  arsemc  acid,  until  an  alkaline  reaction  is  apparent, 
and  then  evaporating.  This  salt  dlso  crystaUises  with  7  molecules 
of  water.  Aiiother  arsenate,  NagAsO^  I2H2O,  is  produced  when 
sodium  carbonate  in  excess  is  fused  with  arsenic  acid,  or  when  the 
preceding  salt  is  mixed  with  caustic  soda.    A  third,  NaH^AaO  ^IL^^ 


i 
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IB  nrnile  liy  subatilnting  an  eiceiaa  of  arsenic  odd  for  the  solntjon  of 
alkali.  The  alkaline  araeuatet*  whicli  contain  basic  water  low  tbe 
latti:r  At  a  red  Iteat,  but,  unJike  thit  phosphates,  recorer  it  when 
again  ili-isolved.  The  acBenftt«8  of  the  alkalis  are  aoliilJe  in  water  i. 
thu^e  of  the  earthe  and  other  metallic  oxides  ore  insoluhle,  but  s 
diasolvril  by  acids,  Tho  precipitate  with  idlvet  nitrate  is  hi^ 
chanu'terietic  of  araenxc  acid  ;   it  ia  reddiBh-brown. 

SulpiudM. — Twusolp^ides  of  ameDJcere  known.  The  dinulphidt, 
AajS^  ciccuiB  native  aa  AeaigaT.  It  is  formed  artificially  by  heating 
ameiiic  acid  with  the  proper  proportion  of  sulphur.  It  is  an  oian^- 
red,  fusible,  and  volatile  eubatance,  employea  in  painting,  and  liy 
the  TiTrotechnist  in  nmkin|;  lehttefire.  The  trimtlphide  or  anenioiii 
su!}ihuh,  AaS^,  alno  oocun  native  aa  Orpiment,  and  is  prepered 
artifit'ially  by  fusing  araenic  with  the  appropriate  quantity  of 
HuliihtiT,  or  W  precipitating  a  solution  of  arBenious  adil  with 
hydiiigen  eulpnide.  It  ie  a  g<:Jden-yellow,  crfstalline  sulwtiuice, 
fusible,  and  Tolatile  by  heat.  A  cold  Bolntun  <n  aiaenic  add  ia  not 
immediately  preeipitated  by  hydrogen  sulphide,  butafter  dome  houn 
the  poUiti'in,  saturutcd  nith  liycln>|^'ii  sulphide,  j-icMh  a  lifjhl  yi^linw 
di-j>ui'it  iif  sulphur,  iht'  ^iifeuiL'  acid  btiuy  ivihiucd  t<-  iutuiiioun  .iliJ, 
which  is  then  gradually  converted  into  leumn-yfllow  arsenious 
sulphide.  In  boiling  solutions  the  precijutation  t^ikes  place  imme- 
diately. The  mixture  of  sulphur  and  tiisulnhide  thus  ]troduced, 
was  fumierly  regarded  as  a  penlasulphide  analogous  to  arsenic  otid. 

The  disulphide  and  tiisulnhide  of  arsenic  are  sulphur-acid.s 
uniting  with  other  metallic  sulphides  to  fonii  sulphur  ealts.  Those 
of  the  disulphide  are  called  hypoaulphnrsenites  ;  they  are  but 
little  known.  The  salts  of  arseuious  sulphide  are  called  sulphar- 
senites.  Their  composition  may  be  represented  bv  that  of  the 
potaKduin  salta,  viz.,  KAsSj,  or  K^S, As^j ;  K,AsjS(,  oV  ZK^.AsJi, ; 
and  KjAsSj,  or  3KjS.As,S^.  Of  these  the  bibasic  Baits  are  the  luost 
comuion.  The  sulpliarsemtt^s  ot  tiie  alkali  metals  and  alkaline  earth 
jnetala  are  soluble  in  water,  and  mav  lie  prepared  bv  digesting 
ai'HeniuuH  sulphide  in  the  solutions  of  the  corresponding  hydrates  or 
sulphydrales  ;  the  rest  are  insoluble,  and  are  obtained  bv  precipita- 
tion. Sulphur  salts,  cilled  sulpharsenates,  aualoj?3usineom]>osi- 
tion  to  the  aiBcnates',  are  produceil,  in  like  wanner,  by  dit'estiiif?  tbe 
mixture  of  sulphur  and  aisenious  sulyhide  precipitated,  as  nliove 
mentioned,  from  arsenic  acid,  in  solutions  of  alkaline  hydrates  or 
sulphydrates ;  also  hy  Tmssiiig  gaseous  hydrogen  sulphiJe  through 
solutions  of  arsenates.  There  are  three  snhiharseuates  of  potassium, 
containing  KAsSj,  or  K^.As^Sj ;  K^AsjSj,  or  ZK^&.AsSi, ;  and 
KjAsS^,  or  3KjS.AejSj.  The  sulpharpenates  of  the  alkali  metals 
and  alkaline  earth  niet^lsare  soluble  in  water;  the  rest  ore  insoluble 
and  are  obtained  by  precipitation. 

Arscnious  add  ia  distinguislied  by  characters  which  cannot  be 
^misuiiderstood. 
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Silver  nitrcUe,  mixed  with  a  solution  of  arsenions  acid  in  water, 
occasions  no  precipitate,  or  merely  a  faint  cloud :  but  if  a  little 
fixed  alkali,  or  a  drop  ot  ammonia,  be  added,  a  yellow  precipitate 
of  silver  arsenite  immediately  falls.  The  precipitate  is  exceemncly 
soluble  in  excess  of  ammonia ;  that  liquid  must,  therefore,  be  added 
with  great  caution ;  it  is  likewise  very  soluble  in  nitric  acid. 

Cupric  sulphate  gives  no  precipitate  with  solution  of  arsenious 
acid,  until  tne  ad(ution  has  been  made  of  a  little  alkali,  when  a 
brilliant  yellow-green  precipitate  (Scheele's  green)  falls,  which 
also  is  very  soluble  in  excess  of  ammonia. 

Hydrogen  sulphidey  passed  into  a  solution  of  arsenious  acid,  to 
which  a  few  drops  ol  hydrochloric  or  sulphuric  acid  have  been 
added,  throws  down  a  copious  bright  yellow  precipitate  of  orpiment, 
which  is  easily  dissolved  by  ammonia,  and  reprecipitated  by  acids. 

Solid  arsenious  oxide,  heated  by  the  blowpipe  m  a  narrow  glass 
tube  with  small  fragments  of  dry  charcoal,  affords  a  sublimate  of 
metallic  arsenic  in  tne  shape  of  a  brilliant  steel-grey  metallic  ring. 
A  portion  of  this,  detached  by  the  point  of  a  knue,  and  heated  in  a 
second  glass  tube,  with  access  of  air,  yields,  in  its  turn,  a  sublimate 
of  colourless,  transparent,  octohedral  crystals  of  arsenious  oxide. 

All  these  experiments,  which  jointly  give  demonstrative  proof  ot 
the  presence  oi  the  substance  in  question,  may  be  performed  with 
perfect  precision  and  certainty  upon  exceedingly  small  quantities  of 
material. 

The  detection  of  arsenious  acid  in  complex  mixtures,  containing 
organic  matter  and  common  salt,  as  beer,  gruel,  soup,  &c.,  or  the 
fluid  contents  of  the  stomach  in  cases  of  poisoning,  is  a  far  more 
difficult  problem,  but  one  which  is,  unfortunately,  otten  required  to 
be  solved.  These  organic  matters  interfere  completely 
with  the  liquid  tests,  and  render  their  indications  worth-  ^' 
less.  Sometimes  the  difficulty  may  be  eluded  by  a  dili- 
gent search  in  the  suspected  liquid,  and  in  the  vessel 
containing  it,  for  fragments  or  powder  of  solid  arsenious 
oxide,  which,  from  its  small  degree  of  solubility,  often 
escape  solution,  and  from  the  mgh  densitv  of  the  sub- 
stance, may  be  found  at  the  bottom  of  tne  vessels  in 
which  the  fluids  are  contained.  If  anything  of  the  kind 
be  found,  it  may  be  washed  by  decantation  with  a  little 
cold  water,  dried,  and  then  reduced  with  charcoal.  For 
the  latter  purpose,  a  small  glass  tube  is  taken,  having 
the  figure  represented  in  the  maiigin ;  white  German 
glass,  free  from  lead,  is  to  be  preferred.  The  arsenious 
oxide,  or  what  is  suspected  to  be  such,  is  dropped  to 
the  bottom,  and  covered  with  splinters  or  little  fras- 
luents  of  charcoal,  the  tube  being  filled  to  the  shoul- 
der. The  whole  is  gently  heated,  to  expel  any  moisture 
that  may  be  present  in  the  charcoal,  and  the  deposited 
water  wiped  from  the  interior  of  the  tube  with  bibulous  paper.  The 
narrow  part  of  the  tube  containing  the  charcoal,  from  a  to  (^  i&  ^^^^'v 
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xfAi'ir,  i)\  (•nasiii'.j  it  n]taii»l  down  liv 
A  litllc  watiT  iiiav  atlfiw.mls  In-  iut 
l)y  whicli  ai>t^iiii>us  oxide   will  \k'  « 
the  testj*  of  silver  nitrate  and  aiiim 
luonia,  and  hydrogen  sulphide,  may 
When  the  search  for  solid  arsenio 
must  be  examined  ;  a  tolerably  limt 
from  which  the  arsenic  may  be  preci 
and  the  (urpiment  collected,  and  ledi 
is  in  the  first  part  of  this  operation  th 
such  organic  mixtures  refuse  to  fill 
render  some  method  of  acceleration 
a  little   caustic  potash   or  acetic  aci 
object.     The  following  is  an  outline 
found  successful  in  a  variety  of  cases  ii 
of  arsenious  acid  had  been  purposely  ac 
Oil  of  vitriol,  itself  perfectly  free  froi 
suspected  liquid,  in  the  proportion  of 
pint,  having  been  previously  diluted 
whole  is  boiled  in  a  flask  for  half  an 
separation  of  solid  and  liquid  matter  I 
converts  any  starch  that  may  be  presen 
completely  coagulates  albuminous  subsl 
of  milk,  and  brings  the  whole  in  a  vei 
which  filtration  is  both  easy  and  rapid, 
tion,  when  cold,  a  current  of  hydrogen 
the  liquid  is  warmed,  to  facilitate  the 
sulphide,  which  falls  in  combination 
organic  matter,  which  often  communi 
This  is  collected  upon  a  small  filter,  an 
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described,  with  similar  pTeeautions ;  a  ring  of  reduced  arsenic  is 
obtained,  which  may  be  oxidised  to  arsenious  oxide,  and  further 
examined.  The  black  flux  is  a  mixture  of  potassium  carbonate 
and  charcoal,  obtained  by  calcining  cream  of  tartar  in  a  close 
crucible ;  the  alkali  transforms  the  sulphide  into  arsenious  acid,  the 
charcoal  8ubse(iuently  effecting  the  deoxidation.  A  mixture  of 
anhydrous  sodium  carbonate  and  charcoal  may  be  substituted  with 
advantage  for  the  common  black  flux,  as  it  is  less  hygroscopic. 

Other  methods  of  proceeding,  different  in  princinle  rrom  the 
foregoing,  are  also  employed,  as  that  of  the  late  Mr.  Marsh,  which 
is  exceedingly  delicate.  The  suspected  liquid  is  acidulated  with 
sulphuric  acid,  and  placed  in  contact  with  metallic  zinc  ;  the  hydro- 
gen reduces  the  arsenious  acid  and  combines  with  the  arsenic,  ii  any 
be  present.  The  gas  is  burned  at  a  jet,  and  a  piece  of  glass  or  porce- 
lain held* in  the  flame,  when  any  admixture  of  arsenetted  hydro- 
gen is  at  once  known  by  the  production  of  a  brilliant  black 
metallic  spot  of  reduced  arsenic  on  the  porcelain;  or  the  gas  is 
passed  through  a  glass  tube  heated  at  one  or  two  places  to  redness, 
whereby  the  arsenetted  hydrogen  is  decomposed,  a  ring  of  metallic 
arsenic  appearing  behind  the  heated  portion  of  the  tube. 

It  has  been  ol^erved  (page  447)  that  antimonetted  hydrogen  gives 
a  similar  result.  In  order  to  distinguish  the  two  substances,  the  gas 
may  be  passed  into  a  solution  of  silver  nitrate.  Both  gases  give  rise 
to  a  black  precipitate,  which,  in  the  case  of  antimonetted  hydrogen, 
consists  of  silver  antimonide,  AgjSb,  whilst  in  the  case  of  arsenetted 
hydrogen,  it  is  pure  silver,  the  arsenic  being  then  converted  into 
arsenious  acid,  w'hich  combines  with  a  portion  of  silver  oxide.  The 
silver  arsenite  remains  dissolved  in  the  nitric  acid  which  is  liberated 
by  the  precipitation  of  the  silver,  and  may  be  thrown  down  with  its 
characteristic  yellow  colour  by  adding  ammonia  to  the  liquid  filtered 
off  from  the  black  precipitate.  The  black  silver 
antimonide,  when  carefully  washed,  and  subse- 
quently boiled  with  a  solution  of  tartaric  acid, 
yields  a  solution  containing  antimony  only,  from 
which  hydrogen  sulphide  separates  the  character- 
istic orange-yellow  precipitate  of  antimonious 
sulphide. 

A  convenient  form  of  Marsh's  instrument  is 
that  shown  in  fig.  153  :  it  consists  of  a  bent 
tube,  having  two  bulbs  blown  upon  it,  fitted 
mth  a  stop-cock  and  narrow  jet.  Slips  of  zinc 
are  put  into  the  lower  bulb,  which  is  afterwards 
lilled  with  the  liquid  to  be  examined.  On  re- 
placing the  stop-cock,  closed,  the  gas  collects 
and  forces  the  liquid  into  the  upper  bulb,  which 
then  acts  by  its  hydrostatic  pressure,  and  expels 
the  gas  through  the  jet  so  soon  as  the  stop-cock 
is  opened.  It  must  be  borne  in  mind  that  both  common  zinc 
and  sulphuric  acid  often   contain  traces  of   arsenic.      Profeeeicye. 


Fig.  15S. 
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Bioxnm*  tuwi  proposed  an  important  modification  of  Hateb's  p 
for  thi;  detection  of  arsenic  and  antimony  in  otganic  aumt 
which  ia  based  on  the  Ijehftviour  of  wlutioas  of  these  melala  u 
the  indiience  of  the  electric  ciurent.  Antimony  is  di^poeited  ij 
metallic  state,  without  any  diBengagementofaiitimuuetttitlhy ' 
while  araetuc  ia  evolved  aa  araeuetted  hydrogen,  which  may  b 
nieed  liy  the  dtaractera  already  indicated. 

A  slip  of  copper-foil  boiled  in  the  poiBoned  litiuid,  previot 
acidiiliLted  with  hydrochloric  acid,  withdraws  the  arsenic,  and  I 
cainm  coveted  with  a  white  alloy.     By  healing  tbt;  uctal  in  a 
tube,  the  oraenic  ia  ex|)elled,  and  oxiiiBed  to  ureeuiouB  acid. 
ia  called  Beincah's  test. 


BXSKtTTH. 

Atomic  woght,  SI  0.    Symbol,  BL 

BiHMi-TR  is  fijund  chiefly  in  the  irtottillic  shite,  liisperoinated  throo^ti 
varinux  rocks,  from  which  it  ia  Kejximled  bj  simple  cxpn^ure  to  beat. 
The  metal  ia  hichly  crystalline  and  very  brittle:  it  nan  a  reildish- 
wliite  colour,  ana  a  density  of  9*9.  Crystah  of  great  beituty  maybe 
ublained  bv  slowly  cooling  a  considerable  iiiaes  of  this  i^ubstaiice 
until  solidification  has  commenced,  then  piercing;  the  cini^t,  und 
pourin){  out  the  fluid  residue.  Bismuth  melts  at  about  HGO',  and 
vohttilises  nt  n  high  temperature.  It  is  remarkable  as  being  the 
most  diamt^^netic  of  all  known  bndiai.  It  is  little  oxidised  br  the 
air,  but  burns  with  n  bluish  flame  when  strongly  heati-d.  Kilric 
acid  Homewhat  diluted  dissolves  it  freely. 

Bismuth  forms  three  clnsnes  of  couipounds,  in  which  it  is  bi-,  tri-, 
and  r[uinqnivHlent  re-'ipectively.  The  tri-i-onipounds  ai'e  ttie  most 
atnlile  and  the  muBt  numerous.  Tlie  only  known  coiuprximls  iu 
which  bismuth  is  quinijuivalent  are  indeed  the  pcntoMde,  BijO^, 
ttH^ther  with  the  corresponding  acid  and  metallic  salts.  Xcverthe- 
I&is,  bismuth  is  n^rded  ns  a  pentad,  on  account  of  tlie  anali"^  of 
its  compounds  uith  those  of  antimony.  Several  bisniulli  ciinitxiund^ 
are  known  in  which  the  luctal  is  apparently  bivalent,  but  i-eally  tri- 


ChJoridea. — The  tridiloriile,  or  Bumutkom  chloride,  ia  formed 
when  biwrnutli  is  heated  in  a  current  of  cldoriue  enf,  und  paaseH  over 

as  a  white,  easily  fusible  milislance,  which  teailily  attracts  moisture 
from  the   air,  and  is  converted  into  a  crystallised  hydrate.      The 
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same  substance  is  produced  when  bismuth  is  dissolved  in  nitro- 
muriatic  acid,  and  the  solution  evaporated.  Bismuthous  chloride 
dissolves  in  water  containing  hydrocnloric  acid,  but  is  decomposed 
by  pure  water,  yielding  a  white  precipitate  of  oxychloride : 

BiClj  +  HaO  =  BiClO  +  2HC1 . 

The  dichloride,  Bifil^t  produced  by  heating  the  trichloride  with 
metallic  bismuth,  is  a  brown,  crystalUne,  easily  fusible  mass,  decom- 
posed by  water.  At  a  high  temperature  it  is  resolved  into  the  tri- 
chloride and  metallic  bismuth. 

Oxides. — The  trioxide,  or  BismuthotLs  oxide,  ia  a  straw-yellow 

fowder,  obtained  by  gently  igniting  the  neutral  or  basic  nitrate, 
t  is  fusible  at  a  high  temperature,  and  in  that  state  acts  towards 
siliceous  matter  as  a  powemil  flux. 

The  hydrate,  BiHOo  or  Bi^Qg-H^O,  is  obtained  as  a  white  precipi- 
tate when  a  solution  of  the  nitrate  is  decomposed  by  an  alkali.  Both 
the  hydrate  and  the  anhydrous  oxide  dissolve  in  the  stronger  acids, 
forming  the  bismuthous  ^ts,  which  have  the  composition  BiR,. 
wliere  R  denotes  an  acid  radicle,  e.g,,  BiClj,  Bi(N03)3,  61^(804)3 
Many  of  these  salts  crystallise  well,  but  cannot  exist  in  solution  un- 
less an  excess  of  acid  is  present.  On  diluting  the  solutions  with 
water,  a  basic  salt  is  precipitated,  and  an  acid  salt  remains  in  solu- 
tion. 

The  normal  nitrate,  Bi(N03)8.5H80,  or  Bi^Oj-SNaOft-lOHaO,  forms 
large  transparent  colourless  crystals,  which  are  decomposed  oy  water 
in  the  manner  just  mentioned,  yielding  an  acid  solution  containing 
a  little  bismuth,  and  a  briUiant  white  crystalline  powder,  which 
varies  to  a  certain  extent  in  composition  according  to  tne  temperature 
and  the  quantity  of  water  emploved,  but  frequently  consists  of  a 
basic  nitrate,  BigOg.NgO^.aHgO,  or  bi(N03)8.Bi2(53.3H^O.  A  solution 
of  bismuth  nitrate,  free  from  any  CTeat  excess  of  acid,  poured  into 
a  large  (quantity  of  cold  water,  jie\&  an  insoluble  basic  nitrate,  very 
simimr  m  appearance  to  the  above,  but  containing  rather  a  larger 
proportion  of  bismuth  oxide.  This  basic  nitrate  was  once  extensiveljr 
employed  as  a  cosmetic,  but  it  is  said  to  injure  the  skin,  rendering  it 
yellow  and  leather-like.    It  is  used  in  medicine. 

Bismuth  pentoxide,  or  Bismuthic  oxide,  Bi^O^. — When  bismuth 
trioxide  is  suspended  in  a  strong  solution  of  potash,  and  chlorine 

gassed  through  the  liquid,  decomposition  of  water  ensues, 
ydrochloric  acid  being  tormed,  and  the  trioxide  being  converted 
into  the  pentoxide.  To  separate  any  trioxide  that  may  have  escaped 
oxidation,  the  powder  is  treated  with  dilute  nitric  acid,  when  the 
bismuthic  oxide  is  left  as  a  reddish  powder,  which  is  insoluble  in 
water.  This  substance  combines  with  bases,  but  the  compounds 
are  not  very  well  known.    According  to  Arppe,  there  is  an  acid 

{K  O 
-^Q ,    The 

pentoxide  when  heated  loses  oxygen,  an  intermediate  oxide,  Bi^O^ 
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beinf;  formed,  which  may  be  considered 
2Bi20,^Bi,O3.BL0j. 
ixiiiuth  is  Eiiiftcie 


i  HrmuOunu  bUmulkat*, 


:iently  chftiacterif*<l  by  the  decompoBition  of  it« 
and  by  the  black  pTecipilate  of  biamatli 


nitnitt  iind  chloride  by  ,  _  _        _ 

Htilphiili',  msoluble  in  anunoniaiii  eiilphide,  which  its  wlnliona  j: 

Tvlien  exposed  to  the  action  of  hydrogen  sulphide. 

A  injjitiire  of  8  parts  of  bismuth,  5  parts  of  lend,  and  3  of  tin, 
known  under  the  same  olfaeMe  metal,  and  is  employed  i~  *""" 
inipr<.'[(.siiina  &om  dies  and  for  other  purpotea :  it  nielii^  bcl< 

BiKniuti  is  need,  in  conjunction  with  antimony,  in  the 
tioii  I'f  thermo-electric  piles,  these  two  melaU  forming  the  op] 
eitrenies  of  the  tbenncbdectric 


VAVADZniK. 

Atomic  mngbt,  SI'S.  Symbol,  T. 
VANADrcil  is  found,  in  email  qnwitity,  in  eome  iron  orea,  aW  as 
vanailaie  of  lead.  It  hiis  liki'insc  liccn  distovoi'ed  in  thv  iron  A\\\:,  <4 
StatTordBhire,  and  recently,  by  Roacoe,*  in  larger  quantitv  in  the 
COp[>er-bearing  beila  at  Alilerley  Edge  and  Mottram  St  An<{rcwH,  in 
CneiihiTe.  MetAllic  vanndiiun  is  obtained  by  prolonj^ed  ignition  of 
tie  dichloride  in  pure  dry  hydrc^n,  as  a  ^rejifih  white  powder, 
appearing  under  tne  microscope  as  a  crystalline  nin^s,  with  a  strong 
silver-white  lustre.  It  is  nun-volatile,  decomposes  water  at  IWv, 
docs  not  Uimish  in  the  air,  bums  with  brilliant  acintilhtions  when 
thrown  into  a  flume  ;  bums  vividiv  when  quickly  heat«d  in  oxyL^n, 
forming  the  pentoxide ;  is  insoluble  in  hydrocliloric  acid ;  diniuTvi's 
slowly  in  livtlrnfluoriu  odd  with  evolution  of  hydroacn,  rapidly  in 
nitric  acid,  Jbrmiiig  a  blue  solution.  In  a  current  of  chlorine  it  takes 
file,  and  is  converteil  into  the  tetrachloride. 

Vtmadium  wiw,  till  lately,  regarded  as  a  hexad  metal,  analogous 
to  tuuKi^ten  and  molybdenum  ;  but  Roscoe  has  shown  that  it  i»  a 
pentad,  bflongiiig  to  the  phosphorus  and  arsenic  gr<>up.  This 
conclnsion  is  bntjed  upon  the  composition  of  the  oxides  and 
oxychlorides ;  and  on  the  isomorpliism  of  the  vanadates  witb  the 
pliiisphates. 

Vanadium  Oxides. — Vanadium  forms  five  oxides,  represented  bv 
the  formulie,  \\0,  Vfi^,  VjO,,  VaO,,  VjOj,  amilogoua,  therefore,  to 


th< 


ddesofni 


The  mottoxidf,  VjO,  is  formed  by  prolonged  exposure  of  metallic 
vanailium  to  the  air  at  ordinary  tenipcmturen,  more  quickly  at  a 
dull  red  heat  It  is  a  brown  substance,  which,  when  heated  iu  the 
air,  is  grailually  converted  into  the  higher  oxides. 

The  dioxide,  VjOj,  which  was  regarded  by  BorTclius  as  metallic 
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vanadiam,  is  obtained  by  reducing  either  of  the  higher  oxides  with 
potassium,  or  by  jpassing  the  vapour  of  vanadium  oxvtrichloride, 
( VOCI3),  mixed  with  excess  of  hydrogen,  through  a  combustion  tube 
containing  red-hot  charcoaL  As  obtained  by  the  second  process,  it 
forms  a  bght-grey  glittering  powder,  or  a  metallically  lustrous 
crystalline  crust,  having  a  specific  gravity  of  3*61,  brittle,  very 
diificult  to  fuse,  and  a  conductor  of  electricity.  When  heated 
to  redness  in  the  air,  it  takes  fire  and  burns  to  black  oxide.  It  is 
insoluble  in  sulphuric,  hydrochloric,  and  hydrofluoric  acid,  but 
dissolves  easily  in  nitromuriatic  acid,  formiog  a  dark-blue  liquid. 

The  dioxide  may  be  prepared  in  solution  by  the  action  of  nascent 
hydrogen  (evolved  by  metallic  zinc,  cadmium,  or  sodium-amalgam), 
on  a  solution  of  vanadic  acid  in  sulphuric  acid.  After  passing 
throu£[h  all  shades  of  blue  and  green,  the  liquid  acquires  a  permanent 
lavender  tint,  and  then  contains  the  vanadium  in  solution  as  dioxide, 
or  as  hypovanadious  salt.  This  compound  absorbs  oxygen  more 
rapidly  than  any  other  known  a^ent,  and  bleaches  indigo  and  other 
vegetable  colours  as  quickly  as  chlorine. 

Vanadium  dioxide  may  be  regarded  as  entering  into  many 
vanadium  compounds,  as  a  bivalent  radicle  (just  like  uranyl  in  the 
uranic  compounds),  and  may  therefore  be  cafled  vanadyL 

Vanadiwn  trioxide, V0O3, or  Va/MiiylTmiMxidsy  (V2O2)  0, isobtained 
by  igniting  the  pentoxide  in  hydrogen  cas,  or  in  a  crucible  lined 
with  charcoaL  It  is  a  black  powder,  witn  an  almost  metcdlic  lustre, 
and  infusible ;  bv  pressure  it  may  be  united  into  a  coherent  mass 
which  conducts  electricity.  When  exposed  warm  to  the  air,  it  glows, 
absorbs  oxygen,  and  is  converted  mto  pentoxide.  At  ordinary 
temperatures,  it  slowly  absorbs  oxygen,  and  is  converted  into 
tetroxide.  By  ignition  in  chlorine  gas  it  is  converted  into  vanadyl 
trichloride  and  vanadium  pentoxide.  It  is  insoluble  in  acids,  but 
may  be  obtained  in  solution  by  the  reducing  action  of  nascent 
hydrogen  (evolved  from  metallic  magnesium)  on  a  solution  of  vanadic 
acid  in  sulphuric  acid. 

Vanadiwm  tetroxide^  Hypovanadie  oxide,  or  Vanadyl  dioxide^ 
Vj04= (Vo02)02. — This  oxide  is  produced,  either  by  oxidation  of 
the  dioxide  or  trioxide,  or  by  partial  reduction  of  the  pentoxide  ; 
also  by  heating  hypovanadie  cnloride,  V^Ofih*  ^  redness  in  an 
atmosphere  of  carbon  dioxide.*  By  allowing  the  trioxide  to  absorb 
oxy^n  at  ordinary  temperatures,  the  tetroxide  is  obtained  in  blue 
shining  crystals.  It  dissolves  in  acids,  the  more  easily  in  proportion  as 
it  has  been  less  strongly  ignited,  forming  solutions  01  hypovanadie 
salts,  which  have  a  bright  blue  colour.  The  same  solutions  are 
produced  by  the  action  of  moderate  reducing  agents,  such  as  sul- 
phurous, smphydric,  or  oxalic  acid,  upon  vanadic  acid  in  solution ; 
also  by  passing  air  through  acid  solutions  of  the  dioxide  till  a  per^ 
iiianent  olue  colour  is  attained.  With  the  hydrates  and  normal 
carbonates  of  the  fixed  aUcaliSf  they  form  a  greyish- white  precipitate  oi 

*  J.  K.  Crow,  Chem.  See.  Jonr.,  1876,  ii 


462  PENTAD  METALS.  1 

hydrated  oxide,  V,0,.HjO,  which  diasolvea  in  a  mf>derat«  excess  of    I 
tiit^  TTiitjent,  but  ifl  reprecipitnted  by  a  large  excess  in  the  form  of  » 
vamwiite  of  the  alkali  metal. 

Ammonia  in  excess  produces  a  brown  precipitate,  soluble  in  JHUF     . 

wnter,  but  insoluble  in  water  containinjt  ammonia Airmanivm 

nUpkiiU  forms  a  black-brown  precipitate,  noluble  in  excess. — Tittttnf*  I 
of  gaUt  forms  a  finelj  divided  black  precipitate,  which  givei  to  the  | 
liquid  the  appearance  of  ink.  ■ 

Hifpoi'anadie  trieuMial^  V,0,.3S0s+ 6H.0,  is  obtained  as  a  Uoe  ] 
deliquescent  crystalline  powder  by  dissolving  vanaifie  oxide  in  i 
slron(,'iiii1phimc  acid  and  reducing  the  solution  with  sulphuronsadi). 
A  salt  of  similar  character,  containing  IH^O,  is  obtained  by  precipt- 
tatiug  the  concentrated  solution  with  stnme  sulphuric  aciil.  A 
iaalpkalf^,  VjO,.2SOj  +  7H,0,  is  obtained  as  a  light-bine  cryataUine 
powder,  when  the  pure  trisulphate,  or  the  residue  left  on  cvapotatijif; 
a  solution  of  the  tetroxide  in  aulphiiric  acid,  is  treated  with  absolule 
alcoboWCrow).  Berzclius  by  similar  mesm  obt»ined  a  disulpbate 
with  4H,0. 

Yanitibuia  tetroxide  also  unites  with  the  more  basic  metallic  oxide^ 
fonning  salts  called  hv]iovan,idateJ,  all  of  which  are  insolnble. 
eicejit  tbrisc  ot  Ihi;  alkiili-iiiulid.i.  The  sdlutiuiid  of  llii;  jiliuliuii 
hypovnnadates  are  brown,  but  when  treated  with  hydTogen  svl^idt 
they  acquire  a  splendid  led-purple  colour,  arisinf;  from  the  formation 
of  a  Bulphur  salt. — Adds  coliiiir  them  blue,  by  forminR  a  double 
hypovnuadic  salt;  tineliire  o/joi/i  colours  them  blackish-blue.  Thf 
insoluble  liypovanadates,  when  moistened  or  covered  with  water, 
become  gn-en,  and  are  converteil  into  vanadates. 

Crow  has  obtained  the  following  hypovanadates  by  treBtin>.' 
hypovonodic  chloride  with  the  corresponding  bases  ; — 

Potnssium  salt,  .  .  Kj0.2V,0  +  7H„0 

Sinlium  salt,   .  .  .  Nn50.2VA       +  7H;0 

Ammonium  salt,  .  (NH,),0.2V,0,  +  3H;0 

Barium  salt,    .  .  .  Ba0.2V,0^  +  SHaO . 

Tlie  fenrf«iJ/,Pl>O.Vi04,i9fonnecl,  together  with  pntaRfiuin  acetate 
and  free  acetic  acid,  by  precipitating  a  solution  of  lead  ai'etate  with 
polnssium  hypovanadate  r 

K,0.2VA  +  2Ph(_CjHfij\  +  HjO=2(PbO,VjO,)  4-  2KC,H,0. 
+  2CjH,0,. 

The  silver  salt,  AgjO.VjO,,  is  formed  by  a  precisely  similar  reaction 
from  potaasiuni  hypovanadate  and  silver  nitrate. 

Vanadium  pcTiliaiide,  Vanadic  oxide,  or  Vanadyl  trioxide,  \fi^  = 
(VjO))Oj. — This  is  the  highest  oxide  of  vanadium.  It  may  be 
pcepareil  from  native  lead  vanadate.  This  mineral  i»  dissolved  in 
nitric  acid,  and  the  lead  and  arsenic  are  precipitaCeil  by  hydrogen 
sulphide,  which  at  Ibe  aame  time  reduces  tli-j  viiiiarliuia  pentoxide 
to  tetroxide.     The  AAue  feUeitl  as)\'i\\km.\a  vkeiievaporatiid  to  dry- 
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nesd,  and  the  residue  digested  in  ammonia,  wluch  dissolves  out  the 
vanadic  oxide  reproduced  during  evaporation.  In  this  solution 
a  lump  of  sal-ammoniac  is  put ;  as  that  salt  dissolves,  ammonium 
vanadate  subsides  as  a  white  powder,  being  scarcely  soluble  in  a 
saturated  solution  of  ammonium  chloride.  By  exposure  to  a  tempera- 
ture below  redness  in  an  open  crucible,  the  ammonia  is  expelled, 
and  vanadic  oxide  left.  By  a  similar  process,  Roscoe  has  prepared 
vanadic  oxide  from  a  lime  precipitate  containing  2  per  cent  of 
vanadium,  obtained  in  working  up  a  poor  cobalt  ore  firom  Mottram 
in  Cheshire. 

Vanadiiun  pentoxide  has  a  reddish-yellow  colour,  and  dissolves  in 
1000  parts  of  water,  forming  a  light  yellow  solution.  It  dissolves 
also  in  stronger  acids,  forming  red  or  yellow  solutions,  some  of  which 
yield  crystalune  compounds  (vanadic  salts)  by  spontaneous  evapora- 
tion. It  unites,  however,  with  bases  more  reaculy  than  with  acids, 
forming  salts  called  vanadates.  When  fused  with  alkaline  car- 
bonates, it  eliminates  3  molecules  of  carbon  dioxide,  forming  ortho- 
vanadates  analogous  to  the  orthophosphates ;  thus : 

3(NaaO.COa)  +  VjOg  =  Sli^&fi.Yfi^  +  aCOj. 

It  also  forms  metavanadates  and  pyrovanadates  analogous  to  the 
meta-  and  pyro-phosphates,  and  two  series  of  acid  vanadates  or 
anhydrovanadates,  viz.; 

Lead  orthovanadate,    .    PbjCVO^)^  or  aPbO.VjOg 

Barium  pyrovanadate, .     Ba^oOy  or  aBaO.VgOj 

Strontium  metavanadate,  SrfV63)2  ^'   ^^^'XsPa 

Strontium  divanadate,      Sr(vOg)j.VoOfi     or    Sr0.2Va05 
Strontium  trivanadate,     Sx(V0^,2%0^  or    SrO.SVgOs . 

Lead  metavanadate  occurs  native  as  dechenite ;  the  orthovanadate 
also,  combined  with  lead  chloride,  as  vanadinite  or  vanadite^ 
PbCl2.3Pb3(V04)2,  the  mineral  in  which  vanadium  was  first  dis- 
covered. bescUmite  is  a  diplumbic  vanadate,  PbjVgOy,  or  2PbO.  VjOg, 
analogous  in  composition  to  a  pyrophosphate. 

The  metavanadates  are  mostly  yellow ;  some  of  them,  however, 
especiallv  those  of  the  alkaline  earth  metals,  and  of  zinc,  cadmium, 
and  lead,  are  converted  by  warming — either  in  the  solid  state,  or 
under  water,  or  in  aqueous  solution,  especially  in  presence  of  a  free 
alkali  or  alkaline  carbonate — into  isomeric  colourless  salts.  The 
same  transformation  takes  place  also,  though  more  slowly,  at 
ordinary  temperatures.  The  metavanadates  of  alkali-metal  are 
colourless.  Tne  acid  vanadates  are  yellow,  or  yellowish  red,  both 
in  the  solid  state  and  in  solution  :  hence  the  solution  of  a  neutral 
vanadate  becomes  yellowish-red  on  addition  of  an  acid.  The  meta- 
vanadates of  ammonium,  the  alkali-metals,  barium,  and  lead,  are 
but  sparingly  soluble  in  water ;  the  other  metavanadates  are  more 
soluble.  The  alkaline  vanadates  are  more  soluble  in  pure  water 
than  in  water  containing  free  alkali  or  salt :  hence  tiiey  ai^  i^\5&$lv^- 
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tateil  from  flwir  s/Aatiima  by  addition  of  alkali  in  exccM,  a 
Tlie  TonwiBlee  ar>.'  iomluUe  in  alcohol.  The  aqneoos  tdutiaBB  ct 
Taiuulatea  loBn  yellow  precipitates  with  QatHBony,  a^ipir,  ImJ,  aa>i 
mtTcaty  galla  j  with  tinrttirt  ofgaUt  ther  form  a  deep  black  Uqnid, 
which  has  beni  proMMed  for  use  aa  TUiadiam  ink. 

HijdTdgm  tulfJiidt  i»lucea  them  to  hyDOTimadate^  changmg  tka 
colntir  from  rtd  or  yellow  to  Une,  an>l  fdnoing  a  jmrdpitate  of 

A  minOTUHm  tuijAide  eolouis  the  Mlntions  browit-Ted,  and,  on 
adiliui:;  an  aciil,  a  light-brown  ptecipitate  is  fomied,  ronaiBti«B  of 
vanu<lic  aolpliidi:  mbted  with  Biuplinr,  the  liquid  at  the  aame  tune 
turiiij))>  blue.  HydroMoru  a<id  decomposes  the  vauadatae,  witli 
evolution  of  chlorine  and  formation  of  vanadium  tetroxide. 

Vajiadium  Chl0Tid«a.^Tbree  of  these  compounds  have  been 
o\M\m-.i,  va.  :  VCli,  VCl^and  VCl^ 

ThK  tttraehloride,  VCl,  u  formed  when  metallic  vnnadiiun  or  tbe 
moDonitride  is  heated  is  a  cnncnt  of  chlorine,  or  when  the  vapow 
of  the  uxytricbloridb  YOCI^  mixed  with  chloraie,  is  posaed  mnvnl 
times  over  nd-hot  chareoaL  It  is  a  dart  yc-Uowieh-brown  liquid. 
harinj;  a  Bp.-cili'-  i.-r.n-ity  if  IHSsl  at  i)*,  lioiliiij  :ii  ):'i4-,  n-! 
Bolidifyinj;  at  18'.     Ita  vapour-density  reftrrtd  lo  hyilr<>i;eii  ia  966, 

which  is  half  the  molecular  weight,  (  = g ),  showing 

that  themoletuleVCl.exhibitsthenoniialcrnidi-n^ition  to 2  volumes 
ot  vajiour.  Tlietctracnlorideiai^uicklv decomposed  l-ywati-rjorminp 
a  blue  solution  of  vanadioua  acid,  ft  does  not  take  ii]i  bnimine  or 
an  additionH]  ijtiantity  of  chlorine  when  heated  therewith  iii  sealed 
tubes :  hence  it  appears  that  vanadium  does  not  readily  form  pentad 
compounds  with  tne  monatoniic  chlorous  elements. 

The  IriMoriile,  VC\  obtained  by  decom|n>sition  of  the  tetra- 
chloride, Hlowly  at  ordinary  temperatures,  uuicldy  at  the  l)oi]iiig  heat. 
cryKtalliaes  in  peach-blossom-coloured  suininu  plates  re^eniblini: 
chruniic  chloiidc.  It  is  slowly  decomposed  iiy  water,  forming  a 
green  solution  of  hvpovanadic  acid. 

The  dichhriiU,  VCl^  obtained  by  passing  the  vapour  of  the  tetra- 
chloride mised  with  hydrogen  through  a  red-hot  lube,  crystallises  in 
green  micaceous  plates,  which  are  decomposed  by  water,  forming  a 
violet  solution  of  nyjiovanadioua  acid. 

Vanadium  Oxychlorides,  or  Vanadyl  Ohlorides. — Four  of 
the^e conipuuiuUare kno«Ti.  viz., :  VOClj,  VOClj.  VOCl, and  V;0,CI. 

The  o^ijtrirkloride  VOCJj,  (formerly  regarilcd  as  vanadium 
trichloride),  ia  prepared  ; 

(1)  By  tliu  action  of  chlorine  on  the  trioxide  : 

3VjOj  -I-  C\.i  =  VjOj  +  4V0C1, . 

(2)  By  burning  the  dioxide  in  chlorine  gas,  or  by  passing  that  gas 
over  an  ifi-nited  mixture  ot  the  trioxide,  tetroxide,  or  jieutoxide,  and 
condenaing  the  vapouia  m  8.  «io\ei^3-Wfc«. 
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Vanadinm  oxytrichloride,  or  vanadyl  trichloride,  is  a  golden- 
yeUow  liquid,  of  specific  ^vity  1*841  at  14*5**.  Boiling-point,  127**. 
vapour-density, by  experiment,  6*108  ;  by  calculation,  6*119.  When 
exposed  to  the  air,  it  emits  cinnabar-coloured  vapours,  being  resolved 
by  the  moisture  of  the  air  into  hydrochloric  and  vanadic  acids.  It 
oxidises  magnesium  and  sodium.  Its  vapour,  passed  over  perfectly 
pure  carbon  at  a  red  heat,  yields  carbon  dioxide  ;  and  when  passed, 
together  with  hydrogen,  through  a  red-hot  tube,  yields  vanadium 
trioxide.  These  reactions  show  that  the  compound  contains 
oxygen. 

.  The  other  oxychlorides  of  vanadium  are  solid  bodies  obtained  by 
partial  reduction  of  the  oxytrichloride  with  zinc  or  hydrogen. 

The  second,  VOClj  or  VgOjCl^  (hypovanadic  chlorid^,  is  also 
produced  by  dissolving  the  pentoxide,  with  aid  of  heat,  in  hydro- 
chloric acid,  and  reoucing  the  green  solution  with  sulphurous 
acid.  The  resulting  blue  liquid  leaves,  on  evaporation  over  the  water 
bath,  a  brown  deliquescent  residue  which  yields  a  blue  solution 
with  water  (Crow). 

The  tribromide,  VBrg,  and  the  oxybromides,  VOBrj  and  VOBr,, 
have  also  been  obtained.  The  first  is  a  greyish-black  amorphous 
solid  ;  the  second  a  dark-red  liquid  ;  the  third  a  yellowish-brown 
deliquescent  solid. 

Vanadium  Sulphides. — Two  of  these  compounds  are  known, 
analogous  to  the  tetroxide  and  pentoxide ;  both  are  suiphur-acids. 
The  tetraMilphide,  or  Vanadious  svlphidty  V^S^,  is  a  black  substance 
formed  by  heating  the  tetroxide  to  redness  in  a  stream  of  hydrogen 
sulphide  ;  also  as  a  hydrate  by  dissolving  a  vanadious  salt  in  excess 
of  an  alkaline  monosulphide,  and  precipitating  with  hydrochloric 
acid.  The  pentasulphide,  or  Vanadic  stUphide,  yS^t  is  formed  in  like 
manner  by  precipitation  from  an  alkaline  vanadate. 

Vanadium  Nitrides. — The  mononitride,  VN,  is  formed  by  heating 
the  compound  of  vanadium  oxytrichloride  with  ammonium  chloride 
to  whiteness  in  a  current  of  ammonia  gas.  It  is  a  greenish-white 
powder  unalterable  in  the  air.  The  dinitridej  VNj  or  V2N4,  is 
obtained  by  exposing  the  same  double  salt  in  ammonia  gas  to  a 
moderate  heat.  It  is  a  black  powder  strongly  acted  upon  by  nitric 
acid. 


All  vanadium  compounds  heated  with  borax  or  phosphorus-salt  in 
the  outer  blowpipe  tlame  produce  a  clear  bead,  which  is  colourless 
if  the  Quantity  of  vanadium  is  small,  yellow  when  it  is  large  ;  in  the 
inner  name  the  bead  acquires  a  beautiful  green  colour. 

Vanadic  and  chromic  acids  are  the  only  acids  whose  solutions  are 
red  ;  they  are  distinguished  from  one  another  by  the  vanadic  acid 
becoming  blue,  and  tne  chromic  acid  green,  by  deoxidation. 

When  a  solution  of  vanadic  acid,  or  an  aciaulated  solution  of  an 
alkaline  vanadate,  is  shaken  up  with  ether  couteixdsL^  V^^^a^^f^^sfSik  ^ 
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■dioxide,  the  aqueoiw  Bolution  swquires  a  red  colour,  like  that  of 
ferric  acetate,  while  the  ether  rumoiufl  colourless.    Thia  reuctiun    I 
will  nerve  to  detect  the  presence  of  1  part  ot  vniiadio  acid  in  -JO.f"''* 
piiits  nf  lii]md.     Th«  other  reactions  of  vanadiuia  in  eoluti-Mi  li 
abtmiy  l>i:en  described. 


TANTALUU. 
Atomio  wwghi,  18S,     Symbol,  Ta. 

Thib  metal  was  discovered,  in  1803,  by  Ekeberg,  ia  two  Svediali  I 
miuenils,  tuntoUte  and  yttrotanbilita!.     A  very  Biuiilar  nietal,  mIuid-   ' 
biiim,  Imd  beeu  discovered  in  the  preceding  year  liy  Hakfactt,  in    , 
coIiiml>ite  from  Masmchuaetta ;  uid  Wollastrai,  in  1807,  on  mat- 
jiarin^  the  compounda  of*lliese  metala,  concloded  that  they  were  J 
ideiiticAl,  an  opinion  which  yrae  for  many  yean  received  as  comet;  ^ 
but  their  Beparnt«  identity  has  been  cnmplelclv  estBblishetl  hv  the 
rtnearehes  ni'  H.  Rose  fcmitK-iicea  in   lS4(i),  wlio  jnw  lo  ili,.-  irR-tal 
from  the  American  anil  Bavarian  coluntliitei!,  the  nnme  Ni/ifiium,  by 
which  it  is  now  univBrHBlly  known.    More  recently,  Jlarijj;ii!iv  has 
shown  that  nearly  all  tantalites  and    colunibites  contain    birth 
tantnliini  and    niobinm  (or  columbium),  some   tnntalutt^e,  from 
Kimito,  in  Finland,  being,  however,  free  from  niobinm,  and  some  of 
the  Greenland  cohinkbiteH  contiiiniii^  only  the  latter  metal  unmixed 
with  tantalum.    In  all  tliese  minerals  tantalum  exists  a»  a  bintalate 
of  iron  and  manganese  ;  yttrutantalite  ie  essentially  a  tontnLtle  of 
yttrium,  containing  also  uranimn,  cnlcinm,  iron,  and  other  motals. 
Tantuluui  is  alwi  ointained  in  w)me  varieties  of  woll'ram. 

Metallic  tantalum  is  obtained  by  heating  the  tiuotantaluti.-  of 
potasnium  or  sodium  with  metallic  nodium  in  a  well-covered  iron 
crucible,  and  washing  out  the  soluble  salts  with  water.  It  is  a  black 
powiler,  which,  when  henteil  in  the  air,  bums  with  a  bri^'ht  light, 
and  is  converted,  thon^h  with  difhculty,  into  tantalic  oxiile.  It  h 
not  attacked  by  sulphnric,  hydrochloric,  nitric,  or  e\-cn  nitron  .  . 
add.  It  dissolves  slowly  in  warm  aqueous  hydrofltuiric  acid,  n 
evolution  of  hydrogen,  and  very  mpiilly  in  aii'dxtureof  hydrollunric 
and  nitric  acids. 

Tantalum,  in  its  principal  coiuponndR,  is  (iniiiqiiivaleTit,  the 
fonnida  of  tantalic  chloride  beiny  TiiCl^,  that  of  timtidic  tlunHde, 
TaFj,  and  that  of  tantalic  oxide  (which,  in  combination  witb  I>ase9 
forms  the  tanlalates),  TajOj.  There  is  also  a  tantidmis  oxide,  said  to 
have  the  composition  TuOj,  nud  a  corresponding  SHli>bide,  TiiSj. 

Tantalic  Chloride,  TaClj,  in  obtained,  as  a  yellow  sublimate,  by 
Jilting  an  intimate  nuxtiire  nf  tjintalic  oxide  and  charcoal  in  a 
BtrenTO  of  chlorine  gaa.  ll  \>tt\^ma  to  volatilise  at  144',  and  iiielt^  t.> 
a  yellow   liijuid  at  211°.    Ine  \-a."^\a:-4s»fc\Vi  X-nA-s^tn  35tV  and 
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440°,  has  been  found  by  Deville  and  Troost  to  be  12'42  referred  to 
air,  or  178*9  referred  to  hydrogen  :  by  calculation,  for  the  normal 
condensation  to  two  volumes,  it  is  179-76.  Tantalic  chloride  is 
decomposed  b^  water,  yielding  hydrochloric  and  tantalic  acids ;  but 
the  decomposition  is  ilot  compete  even  at  the  boiling  heat. 

Tantalic  Fluoride,  TaF^,  is  obtained  in  solution  by  treating 
tantalic  hydrate  with  aqueous  hydrofluoric  acid.  The  solution, 
mixed  with  alkaline  fluorides,  forms  soluble  crystallisable  salts, 
called  tantalofluorides,  or  fluotantalates.  Ilie  potassium  salt, 
TaKjF^  or  TaFg.2KF,  crystallises  in  monoclinic  prisms,  isomorphous 
with  the  corresponding  fluoniobate. 

Tantalic  Oxide,  TagOe,  is  produced  when  tantalum  bums  in  the 
air,  also  by  the  action  of  water  on  tantalic  chloride,  and  may  be 
separated  as  a  hydrate  from  the  tantalates  by  the  action  of  acids.  It 
may  be  prepared  from  tantalite,  which  is  a  tantalate  of  iron  and 
manfjanese,  oy  fusing  the  finely  pulverised  mineral  with  twice  its 
weif];ht  of  potassium  hvdroxide,  aigesting  the  fused  mass  in  hot  water, 
and  supersaturating  the  filtered  solution  with  hydrochloric  or  nitric 
acid  :  nydrated  tantalic  oxide  ia  then  precipitated  in  white  flocks, 
which  may  be  purified  by  washing  with  water.* 

Anhydrous  tantalic  oxide,  obtained  by  i^ting  the  hydrate  or 
sulphate,  is  a  white  powder,  varying  in  density  from  7*022  to  8*264, 
according  to  the  temperature  to  which  it  has  been  exposed.  Heated 
in  ammonia  ^as  it  yields  tantalum  nitride:  heated  with  carbon 
bisulphide,  it  is  converted  into  tantalum  bisulphide.  It  is  insoluble 
in  all  acids,  and  can  be  rendered  soluble  only  by  fusion  with 
potassium  hydrate  or  carbonate. 

Hydrated  TanUilic  oxide,  or  TantcUie  acid,  obtained  by  precipitating 
au  aqueous  solution  of  potassium  tantalate  with  hydrochloric  acid, 
is  a  snow-white  bulky  powder,  which  dissolves  in  nydrochloric  and 
hydrofluoric  acids;  when  strongly  heated,  it  glows  and  gives  off 
water. 

Tantalic  oxide  unites  with  basic  metallic  oxides,  forming  the 
tantalates,  which  are  represented  by  the  formulae,  MgO.Ta^O^  and 
4M20.3Ta205,  the  first  including  the  native  tantalates,  such  as 
ferrous  tantalate,  aud  the  second  certain  easily  crystallisable 
tantalates  of  the  alkali  metals.  The  tantalates  of  the  alkali-metals 
are  soluble  in  water,  and  are  formed  by  fusing  tantalic  oxide  with 
caustic  alkalis  :  those  of  the  earth-metals  and  heavy  metals  are 
insoluble,  and  are  formed  by  precipitation. 

Tantalum  dioodde,  or  Tantalovs  oxide,  TaOg,  may  be  represented 
OzzTalzO 
])y  the  formula         |  ,  in  which    the    metal  is  still  quin- 

OizTa— 0 
quivalent.    It  is  produced  by  exposing  tentalic  oxide  to  an  intense 

*  For  more  complete  methods  of  preparation,  see  W&ttii.'«  I^SK;\KsscAx<;i  ^ 
Chemistry,  vol.  v.  p.  666. 
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heirt  in  a  cnicitle  lined  irith  cbarcofiL     It  is  a  hard  dark  grey  mh- 
ntanw,  nbii-li,  when  heated  in  the  air,  ia  converted  into  tantttlie 

Hyhochlorie  or  mlpkvric  acid,  added  in  PictBs  to  a  nolntion  rrf 
alkniine  tantalate,  formB  a  precipitnte  of  lantolic  acid,  which  i«di»- 
wjlves  in  excesB  of  the  hydrochloric,  hut  not  of  the  aulphuric  acid. 
Polatiiam  frrroeyanidt,  added  to  a  very  Blichtly  acidulBted  eoln- 
tion  of  an  alkalina  t&utidate,  fonu«  a  yellow  precipitate  ;  the 
ftTTiriianuU,  a  white  preciintnte.  Infanan  of  galli  forms  a  light  I 
yellow  precipitate,  solnble  in  alkalis.  When  tantAlic  cb)orii4e  b 
diawilved  in  strong  sulphuric  acid,  and  then  water  and  tnetallie 
zinr  nil!  added,  a  fine  hlue  colour  ia  prodnced,  which  dnee  not  tiun  i 
hrtm-n,  liut  soon  dieappeara. 

Tnntnlic  oxide  fused  with  naicrocoroiic  salt  in  either  blowpipe 
ilnme  fomis  a  clear,  colourless  rIbbs,  which  docs  not  turn  red  on 
aililition  of  b  ferrous  salt.  With  borax  it  also  forms  a  transpaiviit 
glntf,  which  may  be  rendered  opaqne  by  intemipled  blowing,  or    | 


HIOBIUH,   or  OOLnUBtUH. 

Atomic  weieht,  94.    Symbol,  Kb. 

This  metal,  diwovereil  in  1801  by  Halche1t,in  Aniprican  cdluinbili'. 
exii^ts  liken'ice,  asscH'iatiKl  with  tniitalnm,  in  cot  it  ni  hi  ten  riiiiii  olht-r 
!>oun'us,  nnd  iu  nioi't  tinitalites ;  alfo,  n.^nocintinl  with  yttrium, 
umuiuiti,  iron,  and  small  qunntitien  of  other  iiu-tal",  in  Sil>t-rian 
saniarskite,  uranolaiitalite,  or  yttniilmeiiite  ;  also  in  pyrofhlore, 
ouxcnile,  imd  a.  variety  of  pitchblende  from  Saten<diili-n  in  Norway. 
The  nii'tal,  obtniniil  in  the  same  nuinncr  os  tnutiilnni,  is  a  lilnck 

frJwdiT,  which  oxiilise*  witli  incandi'scence  when  hciiteil  in  llie  uir. 
t  dissolveB  in  hot  hydniHuoric  acid,  with  ei-nhition  ot'  hyilri^^-ci]. 
and,  at  onliuary  tenipcmtntcs,  in  a  mixture  of  hydiiiihiunc  aii,l 
nitric  iicid  ;  siowly,  also,  whi'n  heated  with  Mmnj;  fiiliihnrir  arid. 
It  is  oiidincd  by  fuwiuu  wnth  ncid  notBtwium  sulrihiiti-,  mid  j/rjidiially 
winvertfd  into  potjii^iuni  nioljate  by  fusion  with  (>otii!«^iiiiii  hjdnili- 

Niiiliiiini  i.i  quim 111 i Villon t,  and   fonii«   onlv   <Fni'   tliiss   iif  coiii- 


Niobic  Oxide,  NbjO„  is  foi-nied  whi*n  the  metal  bnrns  iu  the  nil 
It  is  pre|mmi  from  culuiiLbite,  &.■.,  by  hiMuj;  the  levi;;ali-.l  inini-r.i 
in  a  pliitiniiiii  crucible  with  (i  or  N  (Kirts  of  acid  ]iotrtwiiini  Hiilj>h:ilt 
removing  soluble  snUs\i\-\"iiUti',;ll)e  fused  itias.<i  with  wiiter,  dij;estin 
the  residue  with  ommonmui  BM\^V\\>i  Vo  tosuftNt  Uix  and  tiingst-i 
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boiling  with  strong  hydrochloric  acid  to  remove  iron,  uranium,  and 
other  metals,  and  nnally  washing  with  water.  Niobic  oxide  is  thus 
obtained  ^nerally  mixed  with  tantalic  oxide,  from  which  it  is 
separated  by  means  of  hydrogen  and  potassium  fluoride,  HF.KF, 
which  converts  the  tantalum  into  sparingly  soluble  potassium 
tantalofluoride,  2KF.TaF^  and  the  mobium  into  easily  soluble 
potassium  nioboxyfluoride,  2KF.NbOF3.aq. 

Niobic  oxide  is  also  produced  by  decomposing  niobic  chloride,  or 
oxycUoride,  with  water :  when  pure  it  has  a  specific  gravity  of  4*4 
to  4'5.  It  is  an  acid  oxide,  unitms  with  basic  oxides,  and  lorming 
salts  called  niobates,  some  of  which  occur  as  natural  minerals  : 
columbite,  for  example,  being  a  ferro-man^anous  niobate.  The 
potcudum  niobates  crystallise  readily,  and  m  well-defined  forms. 
Marignac  has  obtained  the  salts  4K2O.3NbjjO5.l6aq.  crystallising 
in  monoclinic  prisms ;  8Ko0.7Nb20^.32aq.  m  pyramidfal  mono- 
clinic  crystals;  3K2O.2Nb2O5.i3aq.  m  rnomboidal  prisms;  and 
K2O.3Nb2O6.aq.  as  a  pulverulent  precipitate,  by  boiling  a  solution 
of  potassium  nioboxyliuoride  with  potassiimi  carbonate.  The  sodiimh 
niobcUes  are  crystalline  powders  which  decompose  during  w;ash- 
ing.  There  is  also  a  sodium  and  potassium  niobate,  containing 
Na20.3K20.3Nb205.9  aq. 

Niobic  Chloride,  NbClg,  is  obtained,  together  with  the  oxy- 
chloride,  by  heating  an  intimate  mixture  of  niobic  oxide  and 
charcoal  in  a  stream  of  chlorine  gas.  It  is  yellow,  volatile,  and 
easily  fusible.  Its  observed  vapour-density,  according  to  DeviUe  and 
Troost,  is  9*6  referred  to  air,  or  138*6  referred  to  hydrogen  as  imity :  by 

calculation  for  a  two-volume  condensation,  it  is o" —  =137*76. 

The  oxyckloride,  NbOCL,  is  white,  volatile,  but  not  fusible :  its 
specific  gravity,  referred  to  hydrogen,  is  by  observation,  114*06 ; 

by  calculation, 5 — '■ = 109*25.    Both  these  compounds 

are  converted  by  water  into  niobic  oxide. 

Niobic  Oxyfluoride,  NbOFg,  is  formed  bv  dissolving  niobic 
oxide  in  hydrofluoric  acid.  It  unites  with  the  fluorides  of  tne  more 
basic  metab,  forming  salts  isomorphous  with  the  titanofluorides, 
stannofluorides,  and  tungstofluorides,  1  atom  of  oxygen  in  these  salts 
taking  the  place  of  2  atoms  of  fluorine.  Marignac  nas  obtained  five 
potassium  nioboxyfluorides,  all  perfectly  crystallised,  namely  : 

2KF.NbOF3.aq.,  crystallising  in  monoclinic  plates, 
3KF.NbOF3  „  cuboid  forms  (system  unde- 

termined), 
3KF.HF.NbOF3  „  monoclinic  needles, 

5KF.3NbOF3.aq.  „  hex£^nal  prisms, 

4KF.3NbOF3.2  aq.        „  trielinic  pnsms. 
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Potumtium  nuAnJluorids,  SKF.NbFy  separates 
cliniL'  needles  from  ri  Bolution  of  the  first  of  tile  aboTe-menLuitied 
ntobdsi'fluoridea  in  hydrofluoric  acid.      NioboxrHuorides  of 
mimiuui,  sodiuju,  zinc,  and  copper  have  also  been  obtaineii. 

The  isoniarphiBin  of  these  eaita  with  the  BtamHifinoridcs,  tdtano- 
fluoriili'ti,  and  tungstofluorides,  shows  deArlj  that  the  eiiateuce  itt 
isriinoqihisni  between  the  cotrespcmding  compoundg  of  any  two  ele- 
ment^ luiiEt  Dot  be  taken  as  a  decided  proof  that  th«^  eluiueiita  ats 
of  equal  atomicity  :  for  in  the  case  cow  wider  consideralion,  we  have 
isoniorphiius  wits  formed  by  till  ojid  titaiiinm,  which  are  tetmds, 
niobiuiu,  which  is  a  pentad,  and  tiingett;u,  which  ie  a  hexad. 

The  compoundfl  of  niobinm  cannot  easily  be  iniatukeii  foi  tboM  of 
niiy  oiber  metal  eicept  tautalum.  The  most  eharacterisric  reaL-tiDtis 
iif  uii>l>iit<!B  and  tontnlates  with  liqnid  Kageuts  are  the  fullciwiii^  : — 


1 


NiobaU*. 

raneoJdftf.          J 

Hydrochloric  acid  .     . 

Amminiium  chluriil.' 

White  predpitate,  in- 
Bolnble  in  excess. 

Pn-ti]iilalioii  h1,.w  imd 

White  pi«;ipit«l^* 
Bolnble  m  vxe*ma.  ^^ 

Pot.tiPiuni  fcmn-yaiiide 
,,         fenicyajiide 

Bed  precipitate. 
Brifiht  yellow  precipi- 

1    ii,ii.>ij     af     aoid 
atmuoiiiuui   Itui- 
1     l»lute. 

iV-aiow  iirc-ini)itAt«. 
White  pivcijiitatt. 

Infuaii^n  of  ^-alls      .     , 

fenge-r..d  p«cipitale 

LiKht   .v.-ll,>w  vcv- 

(     tipitate. 

Niobic  oxide,  heated  with  borax  in  the  outer  MowpijH?  ll 
foniiH  a  ciIonrlcBH  bead,  nhioh,  if  the  oxide  is  in  siitticient  ijuai 
l«tonies  c)pBi]ue  by  interrupted  blowing  or  Haniini;.  In  niicruci 
suit  it  di&iolvi-s  ubniidiMitly,  fonnin;;  u  coh)iirlin^  liead  in  llie  • 
flame,  and  in  the  inner  a  violet -colon  red,  or  if  the  Ijeiid  is  ,«i\tn 
with  theoiide,  a  beautiful  blue  Wail,  the  colour  disapiwarini;  ii 
outer  flame. 
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CLASS  VI.— HEX  AD  METALS. 


OHBOMIUM. 

Atomic  weight,  52*2.    Symbol,  Or. 

Chromium  is  found  in  the  state  of  oxide,  in  combination  with 
iron  oxide,  in  some  abundance  in  the  Shetland  Islands,  and  else- 
where :  as  lead  chromate  it  constitutes  a  very  beautiful  mineral, 
from  which  it  was  first  obtained.  The  metal  itself  is  prepared  in 
a  half-fused  condition  by  niiying  the  oxide  with  half  its  weight  of 
charcoal  powder,  enclosing  the  mixture  in  a  crucible  lined  with  char- 
coal, and  then  subjecting  it  to  the  very  highest  heat  of  a  powerful 
furnace. 

Deville  has  prepared  metallic  chromium  by  reducing  pure  chro- 
mium sesquioxide  with  an  insufficient  quantity  of  charcoal,  in  a  lime 
crucible.  Thus  prepared,  metallic  chromium  is  less  fusible  than 
platinum,  and  as  hard  as  corundum.  It  is  readily  acted  upon  by 
dilute  hydrochloric  acid,  less  so  by  dilute  sulphuric  acid,  and  not  at 
all  by  concentrated  nitric  acid.  Fr^my  obtained  chromium  in  small 
cubic  crystals,  by  the  action  of  sodium  vapour  on  chromium  trichlo- 
ride at  a  red-heat.  The  crystalline  chromium  resists  the  action  of 
concentrated  acids,  even  of  nitromuriatic  acid. 

Chromium  forms  a  hexfluoride,  CrF^,  and  a  corresponding  oxide, 
CrOs,  analogous  to  sulphuric  oxide  ;  also,  an  add,  H^CrOi,  an- 
alogous to  sulphuric  acid,  with  corresponding  salts,  the  chromates, 
which  are  isomorphous  with  the  sulphates,  hi  its  other  compounds 
chromium  resembles  iron,  forming  the  chromic  compounds  Cr^Clii, 
CroOg,  &c.,  in  which  it  is  apparently  trivalent  but  really  ouadn- 
valent,  and  the  chromous  compounds,  CrCl^  CrO,  &c.,  in  wnich  it 
is  bivalent. 

Ohlorides. — The  diMoride^  or  CivrcmouB  chloridey  CrCl^  is  pre- 
pared by  heating  the  violet-coloured  trichloride,  contained  in  a  porce- 
lain or  glass  tube,  to  redness  in  a  current  of  perfectly  dry  and  pure 
hydrogen  gas  :  hydrochloric  acid  is  then  disengaged,  and  a  white 
foliated  mass  is  obtained,  which  dissolves  in  water  with  great  eleva- 
tion of  temperature,  yielding  a  blue  solution,  which,  on  exposure  to 
the  air,  absorbs  oxygen  with  extraordinary  eneiOT,  acquiring  a  deep 
Kreen  colour,"  and  passing  into  the  state  of  chromic  oxycnloride, 
Cr2Cl^.Cr203.  Chromous  chloride  is  one  of  the  most  powerful  re- 
ducing or  ^oxidisinff  agents  known,  precipitating  calomel  from  a 
solution  of  mercuric  cldoride,  instantly  converting  tungstic  acid  into 
blue  tungsten  oxide,  and  precipitating  gold  from  a  solution  of  auric 
chloride.  It  forms,  with  ammonia,  a  sky-blue  precipitate  which 
turns  green  on   expoeuie  to  the  air;   with   ammonia  and  sal- 


V  iivuiiiMiiJues.  t'Vi'U  at  lllti    hiiiliii^f  lieat. 
assiunes    the    <lcep-i^'reeu    liydratid    stat( 
excoedingiy  niinutt'  quantity  ot   the  die 
hydration  is  marked  by  tiie  evolution  of 
The  green  hydrated  chromic  chloride  is 
chromic  hydrate  in  hydrochloric  acid,  oi 
or  silver  cnromate,  or  a  solution  of  chroi 
acid  and  a  reducing  agent,  such  as  alcol 
even  with  hydrochloric  acid  alone  : 

SCrOj  +  12Ha  =  CrjCl^  4 

The  solution  thus  obtained  exhibits 
chromic  oxygen-salts.  When  evaporated  it 
which,  when  heated  to  100°  in  a  stream 
mass  containing  Cr2Cl0.9H»O.     The  sami 
vacuum  pelds  green  granular  crystals  coi 

Fluorides. — The  trifluoride,  or  Chromic 
by  treating  the  dried  sesquioxide  with  hyd 
heating  the  dried  mass,  as  a  dark-CTeen  si 
high  temperature,  and  sublimes  wnen  stil 
]   ,  shining  regular  octohedrons. 

|i  ;  The  hea^uoridcy  CrF-,  is  formed  by  dist 

I  '  fluorspar  and  fuming  ou  of  vitriol  in  a  leac 

the  vapours  in  a  cooled  and  dry  leaden  re< 
to  a  biood-red  fuming  liquid,  which  volati] 
rises  a  few  degrees  hicher.  The  vapour  i 
produces  violent  coughing  and  severe  oppi 
nexfluoride  is  decomposed  by  water,  y 
chromic  acids.     A  fluoride,  intermediate  ii 

f-\i»r»     111  or     /l/»^-^»— »-- 


!' 
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hydrogen,  being  converted  into  a  higher  oxide.  Chromous  oxide  is  a 
powerful  base,  forming  pale-blue  ^ts,  which  absorb  oxygen  with 
extreme  avidity.  Potassio-chromous  sulphate  has  the  composition 
0X2(804)2.61120,  like  the  other  members  of  the  same  group. 

Trtchroiaic  tetrtxtide  Crj04  =  CrO.Cr203,  is  the  above-mentioned 
brownish-red  precipitate  produced  by  the  action  of  water  upon  the 
monoxide.  The  decomposition  is  not  complete  without  boiling. 
This  oxide  corresponds  with  the  magnetic  oxide  of  iron,  and  is  not 
salifiable. 

Sesquioxidey  or  Chromic  oxide,  CrjOg. — When  mercurous  chromate, 
prepared  by  mixing  solutions  of  mercurous  nitrate  and  potassium 
chromate,  or  dichromate,  is  exposed  to  a  red  heat,  it  is  decomposed, 

?ure  chromium  ses(]^uioxide,  having  a  fine  green  colour,  remaining, 
n  this  state  the  oxide  is,  like  alumina  after  ignition,  insoluble  in 
acids.  The  anhydrous  sesquioxide  may  be  prepared  in  a  beautifully 
crystalline  form  by  heating  potassium  dichromate,  K20.2Cr03,  to 
full  redness  in  an  earthen  crucible.  One-half  of  the  chromium 
trioxide  contained  in  that  salt  then  suffers  decomposition,  oxygen 
being  disengaged  and  sesquioxide  left.  The  melted  mass  is  then 
treated  with  water,  which  dissolves  out  neutral  potassium  chromate, 
and  the  oxide  is,  lastly,  washed  and  dried.  Cbromium  sesquioxide 
communicates  a  fine  green  tint  to  class,  and  is  used  in  enamel 
painting.  The'crystafline  sesquioxide  is  employed  in  the  manu- 
lacture  of  razor-strops.  From  a  solution  of  chromium  sesquioxide 
in  potash  or  soda,  green  gelatinous  hydrated  sesquioxide  of  chromium 
is  separated  on  standing.  When  finely  powdered  and  dried  over 
sulphuric  acid,  it  consists  of  CroOj-eHoO.    A  hydrate  may  also  be 

Srepared  by  boiling  a  somewhat  dilute  solution  of  potassium 
ichromate  strongly  acidulated  with  hydrochloric  acid,  with  small 
successive  portions  of  sugar  or  alcohol  In  the  former  case  carbon 
dioxide  escapes  :  in  the  latter,  aldehyde  and  also  acetic  acid  are 
formed,  and  the  chromic  acid  of  the  salt  becomes  converted  into 
chromium  trichloride,  the  colour  of  the  liquid  changing  from  red  to 
deep  green.  The  reduction  may  also  be  effected,  as  sdready  observed, 
by  hydrochloric  acid  alone.  A  slight  excess  of  ammonia  precipitates 
the  hydrate  from  its  solution.  It  J^  a  pale  purplish-green  colour, 
which  becomes  full  green  on  ignition ;  a  CTeat  shrinking  of  volume 
and  sudden  incandescence  are  observed  when  the  hydrate  is  decom- 
posed by  heat. 

Chromium  sesquioxide  is  a  weak  base,  resembling,  andisomorphous 
with,  iron  sesquioxide  and  alumina ;  its  salts  (chromic  salts)  have  a 
green  or  purple  colour,  and  are  said  to  be  poisonous. 

Chromic  mtphaUy  (Ct^SO^^  is  prepared  by  dissolving  the 
hydrated  oxide  in  dilute  sulphuric  acid.  It  umtes  with  the  sul- 
pnates  of  potassium  and  ammonium,  giving  rise  to  magnificent  double 
salts,  which  crystallise  in  regular  octohedrons  of  a  deep  claret- 
colour,  and  possess  a  constitution  resembling  that  of  common  alum, 
the  aluminium  being  replaced  by  chromium.  The  ammonium-salt, 
for  example,  has  the  compoaition  (y^(NH4X804)2.12  aq.    The  fiaest 
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orj'atalfl  bm  o> 
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iteined  bj  Bpontanemw  eraptiration,  the  Bolntaon  I<eing 
mpoaed  I  j  h 
CrO    »lu  h  IB  pe  hnps,  a.  chroniio  cliroinate,  CtO,. 
vux      bstan       btjimed  liy  liigesiing  chromic  oiide 
mm          d          y  parlial  reduction  of  chiomic  add 
urous    cid,& 

Tn  nde  CrO,    m  combination  with  wMer,  forming 

OHO     H,CrO -(CrOj)'(OH)j.     Whenever  chtw- 

XI     m  Htm  g     h     «d  with  an  eUali,  is  contact  ^th 

so  bed   an       h     trioxide  generated.     Chromium 

tamed             pure,  and  in  a  state  of  great  beauty, 

asure*             I     Baturotcd  solution  of  potuaiiuiD 

h         ni  aeurt          il  of  vitriol,  leaving  the  who)e  to 

fT  h    m    b                  and  leavinntheiM^BtAls  todtsin 

nu  b       gluSB  or  bell-jar.    It  is  also  fonned 

fl     nd    with  a  aniftll  quantity  of  wato. 

baea  m  brilliant  crimson-red  priama  vbk] 

w  I«      the  oolQtinn  ia  instantly  redii«|^ 

Ull^, 

th  the  corrfspondinj;  aulplmte.''. 
CrO,r(OK)..~'Fliifl  salt  ia  made 
n  ore,  whict  is  a  coini>i>und  pf 
0     oside,  analogous  to  majnietic  ir<>Ti 

,    „  ir  with  polasrium  earljouate,  or  with 

COUstic  pot:ii*h,  the  ore  being  reduced  to  powder  and  heat«d  fi>r  a 
long  time  \»ith  the  alkali  in  a  reverberatory  furnace.    The  proiliK 


when  treated  with  water,  yields  a  yellow  solution,  which,  by  evaimra- 
tion,  depoi^itg  anhydrous  cryatale  of  the  hanie  colour,  isomoiinit>u« 
with  potaH><iimi  sulphate.  rotaf«ium  chromate  has  a  cool,  bilter, 
and  disagreeable  taste,  and  dissolves  in  2  |mrts  of  water  at  IS'S". 

I'oliifnttm  dickrontate,  or  anhydrodtromale,  KjO.SCrO,  or  KjCrO,. 
CrOj. — When  eulphuric  acid  is  added  to  the  preceiliiig  lialt  in 
moilerate  quantity,  one-half  of  the  base  is  renioTcd,  and  the  neutral 
chnimate  converted  into  dichroniate.  This  f=.ilt,  of  whii'h  ininiensr 
quantities  are  inanufactured  for  nse  in  the  art's  crystalliaijs  by  slow 
evaponition  in  lieuutiful  red  tabular  crysuds,  derived  from  alriclinic 
prism.  It  melts  when  heated,  and  is  soluUe  in  10  parts  of  wati^r ; 
the  solution  ha«  an  acid  reaction. 

Potamum  trichroimte,  K„0.3CrO,  or  KjCi-Oj.SCrOj,  may  be  ol- 
toined  in  crystals  by  dissohiiti;  the  dichroniate  in  an  aqueous  solu- 
tion of  chromic  add,  and  leaving  it  to  evaporate  over  sulphuric  acid. 

Lead  chnanate,  PbCrO,, — This  salt,  tne  chrome-ydh»e  of  the 
painter,  is  obtained,  as  a  brilliant  yellow  precipitate,  on  mixing 
solutions  of  potassium  chromate  or  dichroniate  with  lend  ni- 
trate or  acetate.  On  boiling  it  with  lime-wnter,  one-half  of  the 
acid  is  withdrawn,  and  a  liisic  Irad  chromate  of  an  oniiige-red 
colour  left     The  \iaa\c  abionia.\a  ia  also  formed  by  adding  liid 
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chromate  to  fosed  nitre,  and  afterwards  dissolving  oat  the  soluble 
salts  by  water :  the  product  is  crystalline,  and  rivals  vermilion 
in  beauty  of  tint.  Tne  yellow  and  oranjy^  chrome  colours  are 
fixed  upon  cloth  by  alternate  application  ^t  the  two  solutions,  and 
in  the  latter  case  by  passing  the  dyed  stuff  through  a  bath  of  boiling 
lime-water. 

Silver  chromate,  AggCrO^. — This  salt  is  precipitated  as  a  reddish 
brown  powder  when  solutions  of  potassium  chromate  and  silver 
nitrate  are  mixed.  It  dissolves  in  hot  dilute  nitric  acid,  and 
separates,  on  cooling,  in  small  ruby-ied  platv  crystals.  The 
chronuites  of  barium,  zinc,  and  m>ercwry  are  insoluble  ;  the  first  two 
are  yellow,  the  last  is  brick-red. 

Perchromic  Acid  is  obtained,  according  to  Barreswil,  by  mixing 
chromic  acid  with  dilute  hydrogen  dioxide,  or  potassium  dichromate 
with  a  dilute  but  very  acid  solution  of  barium  dioxide  in  hydro- 
chloric acid  ;  a  liquid  is  then  formed  of  a  blue  colour,  which  is 
removed  from  the  aqueous  solution  by  ether.  This  very  unstable 
compound  has  perhaps  the  composition  HjCrjO^,,  or  GrjO^.H^O, 
analogous  to  that  of  permanganic  acid. 

Ohromiuin  Diozvdichloride,  or  Chromyl  dichloride,  Cr02Cl2, 
commonly  called  Chlorochromic  add. — When  3  paits  of  potassium 
dichromate  and  3  parts  of  conmion  salt  are  intimately  mixed  and 
introduced  into  a  smaU  glass  retort,  9  parts  of  oil  of  vitriol  then 
added,  and  heat  applied  as  long  as  dense  red  vapours  arise,  this 
compound  passes  over  as  a  heavy  deep-red  liquid  resembling 
bromine  :  it  is  decomposed  by  w^ater,  witn  production  of  chromic 
and  hydrochloric  acids.  It  is  analogous  to  the  so-called  chloro- 
molybdic,  chlorotungstic,  and  chlorosulphuric  acids,  in  composition, 
and  in  the  products  which  it  yields  when  decomposed.  It  may  be 
regarded  as  formed  from  the  tiioxide  by  substitution  of  01^  for  0, 
or  iiom.  chromic  acid  (CrO-XOH),,  by  substitution  of  Clj  for  (OH), ; 
also  as  a  compound  of  chromium  hexchloride  (not  known  in  the 
separate  state),  with  chromium  trioxide :  CrCL.2Cr03=3CrO,CL. 

Trichr(myl  dichloride,  (CrO,^Cl,  or  CrO^n— CrO,— CrOjOl  is 
formed  bv  heating  the  preceding  compound  to  180°-190°  in  a  sealed 
tube  :  3CrO«Cl2  =  (Cr02)3CL -|-  Cl^.  It  is  a  black  noncrystalline  pow- 
der, which  deliquesces  rabidly  in  the  air  to  a  dark  reddish- brown 
syrupy  liquid  smelling  oi  free  chlorine.  When  gently  heated  in 
hydrogen  gas  it  takes  fire,  and  is  resolved  into  chromium  sesqui- 
oxide,  nydrochloric  acid,  and  water: 

aCrgOgClj  -h  lOH  =  3Cr,03  +  4Ha  -I-  3HjO . 

Reactions  ofCJiromium  campounde. — ^A  solution  of  chromic  chloride, 
or  a  chromic  oxvcen  salt,  is  not  precipitated  or  changed  in  any  way 
by  hydrogen  suljmide.  Ammontum  nUphide  throws  down  a  greyish- 
green  precipitate  of  chromic  hydrate.  Cavstie  fixed  aUcaiis  also 
precipitate  the  hydrated  oxide,  and  dissolve  it  easily  when  added  in 
excess.    Ammonia,  the  same,  but  nearly  iosoluble.    The  carbonaUt 
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All  throiniuiii  i'(»iii|ioiiik1s,  i^^'iiitcd  \v 
alkaliiR'  carbonate,  yield  an  alkaline 
solved  out  bv  water,  and  on  Lein*'  neut 
give  the  reactions  just  mentionecL 
i  The  oxides  of  chromium  and  their  sa 

blowpipe  flame,  yield  an  emerald-greei 
is  exiiibited  by  those  salts  of  chromit 
themselves  impart  a  decided  colour  to  t 
the  green  colour  in  both  flames  dii 
uramum  and  vanadium,  which  give  gn 
only. 
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UBANIU: 

Atomic  weight,  240.     I 

This  metal  is  found  in  a  few  minerab. 
oxide,  and  uranite,  which  is  a  phosphate 
ore.  The  metal  itself  is  isolated  by  dec 
potassium  or  sodium,  and  is  obtained  at 
or  in  fused  white  malleable  globules,  a 
which  the  process  is  conducted.  It  i 
ordinary  temperatures,  and  does  not  dec 
^  .  pulverulent  state  it  takes  fire  at  207°,  bi 

ti    j  and  forming  a  dark-green  oxide.    It  uni 

'    I  chlorine  and  with  siuphur. 

I  Uranium  forms  two  classes  of  compoun 

pounds,  in  which  it  is  nna.lriA-.i...* 
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Uranic  oxide  or  Uranyl  oidde,      .        .  (TJ02)0 

Uranic  oxychloride  or  Uranyl  chloride,  (UO^Y^ 

Uranic  nitrate  or  Uranyl  nitrate,         .  (UOjVNC),), 

Uranic  sulphate  or  Uranyl  sulphate,    .  (U02)(S04) . 

This  view  of  the  composition  of  the  uranic  salts  is  not,  however, 
essential,  since  they  mav  also  be  formulated  as  basic  salts  in  the 
manner  above  illustratea. 

Chlorides. — Uranous  chJoridej  UCI4,  is  formed,  with  vivid  incan- 
descence, by  burning  metallic  uranium  in  chlorine  gas,  also  by 
igniting  uranous  oxi(le  in  hydrochloric  acid  gas.  It  crystallises  in 
<£irk-green  regular  octohedrons,  and  dissolves  easily  in  water,  form- 
ing an  emerald-green  solution,  which  is  decomposed  when  dropped 
into  boiling  water,  giving  off  hydrochloric  acid,  and  yielding  a 
brown  precipitate  of  hydrated  uranous  oxide.  It  is  a  powerful 
deoxidismg  agent,  reducmg  gold  and  silver,  converting  ferric  salts 
into  ferrous  salts,  &c. 

Uranic  oxychloride,  or  Uranyl  chloride,  UOjClj,  is  formed  when 
dry  chlorine  gas  is  passed  over  red-hot  uranous  oxide,  as  an  orange- 
yellow  vapour,  which  solidifies  to  a  yellow  crystalline  fusible  mass, 
easily  soluble  in  water.  It  forms  double  salts  with  the  chlorides  of 
the  alkali-metals, — the  potassium  salt,  for  example,  having  the  com- 
position, UOjOl4.2KCl.2H2O. 

Oxides. — Uranous  oxide,  UOj,  formerly  mistaken  for  metallic 
uranium,  is  obtained  by  heating  tie  oxide,  UjOg,  or  uranic  oxalate, 
in  a  current  of  hydrogen.  It  is  a  brown  powder,  sometimes  highly 
crystalline.  In  the  finely  divided  state  it  is  pjrrophoric.  It  dissolves 
in  acids,  forming  green  salts. 

UranosO'Urantc  oxide,  U30g=UOj.2U03. — This  oxide  forms  the 
chief  constituent  of  pitchblende.  It  is  obtained  artificially  by  ignit- 
ing the  metal  or  uranous  oxide  in  contact  with  the  air,  or  by  gentle 
ignition  of  uranic  oxide  or  uranic  nitrate.  It  forms  a  dark-green 
velvety  powder,  of  specific  gravity  7*1  to  7'3.'  When  ignited  in 
hydrogen,  or  with  sodium,  charcoal,  orsulphur,  it  is  reduced  to  uranous 
oxide.  When  ignited  alone,  it  yields  a  black  oxide,  UoOj.  Uranoso- 
uranic  oxide  dissolves  in  strong  sulphuric  or  hycurochloric  acid, 
yielding  a  mixture  of  uranous  and  uranic  salt ;  by  nitric  acid  it  is 
oxidisea  to  uranic  nitrate. 

Uranic  oxide,  or  Uranyl  oocide,  UO3. — Uranium  and  its  lower 
oxides  dissolve  in  nitric  acid,  forming  uranic  nitrate ;  and  when  this 
salt  is  heated  in  a  glass  tube  till  it  begins  to  decompose,  at  250°, 
pure  uranic  oxide  remains  in  the  form  of  a  chamois-yellow  powder. 
Uranic  hydrate,  UO3.2H2O,  cannot  be  prepared  by  precipitating  a 
uranic  salt  with  alkalis,  inasmuch  as  the  precipitate  always  carrieS; 
down  alkali  with  it ;  but  it  may  be  obtained  by  evaporating  a  solu- 
tion of  uranic  nitrate  in  a1)8olute  alcohol  at  a  mo<lerate  heat,  till,  at 
a  certain  degree  of  concentration,  nitrous  ether,  aldehyde,  anrf  other 
vapours  are  given  off,  and  a  spongy  yellow  mass  remains,  which  is 
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V  ,.i|.wi.iiiuu  Lo  (uviic-s,  aiUliiiLr  water  am: 
l)y  due.  ovaporalicii,  crystals  of  iiraiiic  ii 
a  ri'pi'tition  ot"  the  process,  and,  lastly 
latter  solution  yields  the  pure  nitrate. 

Urcmates. — Uranic   oxide  unites  wit'j 
oxides.    The  uranates  of  the  alkali-metal 
ing  a  uranic  salt  with  a  caustic  alkali :  t 
heavy  metals,  by  precipitating  a  mixtur< 
of  the  other  metal  with  ammonia,  or  by 
or  acetate  of  uranium  and  the  other  met 
example)  in  contact  with  the  air.     The 
part,  the  composition  M2O.2UO3.     The; 
-  water,  soluble  in  acids.     Those  which  ( 

!  decomposed  at  a  red  heat ;  but  at  a  whil 

reduced  to  uranoso-uranic  oxide,  or  bj 

Iuranous  oxide  :  the  mass  obtained  by  tl 
fire  in  contact  with  the  air.  Sodium  urc 
used  for  imparting  a  yellowish  or  greeni 
yellow  pigment  on  the  glazing  of  porcelau 
for  these  purposes  is  prep£ired  on  the  lai 
blende  with  hme  in  a  reverberatory  furm 
calcium  uranate  with  dilute  sulphuric  aci 
j«||l  uranic  sulphate  thus  obtained  with  sodiui 

'  s}|j  uranium  is  first  precipitated  together  wi 

^  ■'^  redissolved,  tolerably  free  from  impuritj 

and  treating  the  liquid  with  dilute  sul] 
down  hydrated  sodium  uranate,  Na20.2U( 
is  but  slightly  soluble  in  j)ure  water,  an- 
containing  sal-ammoniac  ;  it  may,  therefo 
tating  a  solution  of  sodium-uranate  wit 
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Uranic  salts  are  yellow,  and  yield  with  eausHc  alkoHs  &  yeHow 
precipitate  of  alkaline  uranate,  insoluble  in  excess  of  the  reagent. 
Alkaline  carboTuUes  form  a  yellow  precipitate,  consisting  of,  a  car- 
bonate of  uranium  and  the  alkali-metal,  soluble  in  excess,  especially 
of  acid  ammonium  or  potassium  carbonate.  Ammonium  siUphide 
forms  a  black  precipitate  of  uranic  sulphide.  Hydrogen  sulphide 
forms  no  precipitate,  out  reduces  the  uranic  to  a  green  uranous  salt. 
Potassium  ferrocyanide  forms  a  red-brown  precipitate. 

AU  uraniimi  compounds,  fused  with  phosphorus  salt  or  borax  in 
the  outer  blowpipe  flame,  produce  a  clear  yellow  glass,  which  be- 
comes greenish  on  cooling.  In  the  inner  flame  the  glass  assumes  a 
green  colour,  becoming  still  greener  on  cooling.  The  oxides  of 
uranium  are  not  reduced  to  the  metallic  state  by  tusion  with  sodium 
carbonate  on  charcoaL 

Uranium  compounds  are  used,  as  already  observed,  in  enamel 
painting  and  for  the  staining  of  glass,  uranous  oxide  fl;iving  a  fine 
olack  colour,  and  uranic  oxide  a  delicate  greemsh-yellow,  highly 
fluorescent  glass.    Uranium  salts  are  also  used  in  photography. 


TUKaSTEN,   or  WOLFRAM. 

Atomic  weight,  184.    Symbol,  "W. 

Tungsten  is  found,  as  ferrous  tungstate,  in  the  mineral  wolfram, 
tolerably  abimdant  in  Cornwall ;  occasionally  also  as  calcium 
tungstate  {scheelite  or  tungsten),  and  as  lead  tunsstate  (scheeletine). 
Metallic  tungsten  is  obtained  in  the  state  of  a  aark-grey  powder, 
by  strongly  heating  tungstic  oxide  in  a  stream  of  hydrogen,  but 
re({uire8  for  fusion  an  exceedingly  high  temperature.  It  is  a  white 
metal,  very  hard  and  brittle  :  it  has  a  density  of  17 '4.  Heated  to 
redness  in  the  air,  it  takes  fire  and  reproduces  tungstic  oxide. 

Tungsten  forms  two  classes  of  compounds,  in  which  it  is  ^uad* 
ri  talent  and  sexvalent  respectively,  and  a  third  class,  of  inter- 
mediate composition,  in  which  it  is  apparently  quinquivalent. 

Chlorides. — These  compounds  are  formed  by  heating  metallic 
tungsten  in  chlorine  gas.  The  hexMoride,  or  tv/ngstic  chloride, 
WCle,  is  also  produced,  together  with  oxychloride,  by  the  action  of 
chlorine  on  an  ignited  mixture  of  tungstic  oxide  and  charcoaL  The 
oxychlorides,  being  more  volatile  toan  the  hexchloride,  may  be 
separated  from  it  oy  sublimation.  The  hexchloride  forms  dark 
violet  scales  or  fused  crusts  having  a  bluish-black  metallic  irides- 
cence. By  contact,  with  water  or  moist  air,  it  is  converted  into 
hydrochloric  and  tungstic  acids.  The  chlorides,  WCI5,  WCI4,  and 
WCI2,  are  formed  when  the  hexchloride  is  heated  in  hydrogen  gas. 
The  two  former  are  crystalline  :  the  dichloride  b  a  loose  grey 
powder,  destitute  of  crystalline  structure.* 

*  Ro.scoe,  Jonmal  of  the  Chemical  Society,  1872,  p.  287. 
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lvg!i"li-il  rts  a  tiitii]ifiutiii  of  llie  olhi'i 
The  dioxide,  or  Tungttowi  oride,  \ 
exposiiiK  tungBtic  otide  to  hydrc^D, 
<Iiul  reoneM.     It   ie  a  brown    pc 
crystaUtne  appeanuice  and  an  impe 
fire  when  heated  in  tbe  air,  and  b 
tnngstic  oxide.     It  forms  a  definite  i 
The  trioxidt,  or  TnngtlK  oxide,  W( 
native  calcium  tungatate  bv  dtcestioi 
the  Boluble  calcium  salt  ttiereby  pn 
water,  and  the  remaining  tuncstic  a 
may    be  prepared   by  repeatedly  di( 
hydrochloric  acid,  ultimately  with  n 
to  dissolve  out  the  iron  and  maoK^ni 
tun^tic  acid  in  aqueous  ammonia  ; 
heating  the  residual  ammonium  tuTi) 
Tungstic  oxide  is  a  yellow  powder  in 
acids,  but  soluble  in  alkalis.    The  t 
alkaline  Inngstates,  when  nentraliKcd 

Secipitate  of  tunqntie  monokydraU 
jO.WO,.  Cold  dilute  soIutionR,  oi 
RCida  a  white  precipitate,  eoiiBlfiting  of 
(wnffsfic  add,  2H,0.W0,  or  H,WO,, 
litmus  and  dissolves  easily  in  alKolis. 
Tungstates. — Tungatic  acid  unit 
often  in  very  unusual  proportions. 
■     -        ■  *    modifi™!;..'.-   ••■      • 
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tangstic  acid  with  zinc  and  hydrochloric  acid  ;  oIbo  by  heating 
ammonium  tungstate  to  redness  in  a  retort. 

Metutungstates. — These  salts,  which  have  the  composition  of 
quadracid  tun^tates,  'M.fiAWO^,  are  formed  from  orainary  tung- 
states  by  addition  of  tungstic  acid,  or  by  removing  part  of  the  base 
by  means  of  an  acid.  They  are  for  the  most  part  soluble  and  crys- 
tallisable.  By  decomposing  barium  metatungstate  with  dilute 
sulphuric  acid,  and  evaporating  the  filtrate  in  a  vacuum,  hydrated 
metatimgstic  acid  is  obtained  in  quadratic  octohedrons  apparently 
containing  Hj0.4WOo+31  aq. ;  it  is  very  soluble  in  water. 

Silicotung  states?^ — By  boiling  gelatinous  silica  with  acid  potas- 
sium tungstate,  a  crystalline  salt  is  obtained,  having  the  composi- 
tion of  a  diacid  notassium  tungstate,  6(K^0.2W03),  or  Kj20g.l2W03, 
in  which  one-tnird  of  the  potassium  is  replaced  by  silicon,  viz., 
K8Si''Og.l2W03,  so  that  the  silicon  here  enters  as  a  hasyhus  ele- 
ment. The  resulting  solution  yields  with  mercurous  nitrate  a 
precipitate  of  mercurom  sUicotungstate ;  this,  when  decomposed  by 
an  equivcdent  quantity  of  hydrochloric  acid,  yields  a  solution  of 
hydrogen  sUicotungstate,  or  silicotungstic  acid ;  and  the  other  silico- 
tungstates,  which  are  cdl  soluble,  are  obtained  by  treating  the  acid 
with  carbonates. 

Silicodecitungstic  acid,  HoSi''Og.lO"W03,  b  obtained  as  an 
ammonium  salt  by  boiling  gelatinous  silica  with  solution  of  acid 
ammonium  tungstate  ;  and  from  this,  the  acid  and  its  other  salts 
may  be  obtained  in  the  same  manner  as  the  preceding.  The 
silicodecitungstates  are  very  unstable,  and  the  acid  is  decomposed 
by  mere  evaporation,  depositing  silica,  and  being  converted  into 
tungsto silicic  acid,  wnich  is  isomeric  with  silicotuugstic  acid, 
and  likewise  decomposes  carbonates.  All  three  ot  these  acids  are 
capable  of  exchanging  either  one-half  or  the  whole  ot  their  basic 
hydrogen  for  metals,  thereby  forming  acid  and  neutral  salts  ; 
silicotun^tic  acid  also  forms  an  acid  sodium  salt  in  which  only 
one-fourth  of  the  hydrogen  is  replaced  by  sodium. 

Tungsten  Sulphides. — The  disidvhidey  or  Tungstous  sulphide, 
WSj,  is  obtained  m  soft,  black,  needle-shaped  crystals  by  igniting 
tungsten,  or  one  of  its  oxides,  with  sulphur. 

The  trisulphide,  or  Tungstic  sulphide,  WSg,  is  formed  by  dissolving 
tungstic  acid  in  ammonium  sulphide,  and  precipitating  with  an 
acid,  or  by  adding  hydrochloric  acid  to  the  solution  of  an  alkaline 
tungstate  saturated  with  hydrogen  sulphide.  It  is  a  light-brown 
precipitate,  turning  black  when  dry.  It  unites  easily  with  basic 
metallic  sulphides,  forming  the  sulphotungstates,  MjWS^,  analogous 
to  the  normal  tungstates. 

Reactions  of  Tungsten  compounds. — Soluble  tungstates,  or  metatung- 
states,   supersaturated  witn    sulphuric,   hydrochloric,   phosphoric, 

*  Marignac,  Ann.  Chim.  Phys.  [4]  ia  6 ;  Watts's  Dictionary  of  Chemistry, 
V.  915. 
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oxalii-,  or  acetic  acid,  yield,  on  the  introduction  of  a  piec«  of  wwe,  ■ 
Ix-'auliriil  blntr  colour,  ariBing  from  the  formation  of  blue  tUR|;ahsii 
oxide.  A  soluble  tun^^te,  mixed  with  UTnmtntium  latphuU,  tod 
then  with  eKceM  of  ftcid,  yields  a  light-brownprecipilate  of  Innflsllc 
aulpiiide,  soluble  in  amni'oninm  ml^ihide.  Ht/dragen  »uJfiiUd#  onr* 
not  pn'tipitate  the  acidulated  eoliition  of  a  tun(>ntal«,  but  tmnc  it 
blue,  nwing  to  the  formation  of  the  blue  oxide.  Ordinary  tungstUts 
give,  with  ftotoiiiamfemKyaaidr^  after  addition  of  hydrochlorir.  acid, 
a  hrnwn  flo«culent  precipitate,  fiolul>1e  in  pure  water  fnc  ttoia  acid: 
metiluii);»tatee  f^ve  no  precipitate.  An^,  added  to  eolutitnis  of 
OTditi:ii-y  tiinpBtatw,  throw  down  a  white  or  yellow  preciuitate  of 
tuiiiptii:  acid  ;  with  metatuiw!)tste«  no  precipitate  ia  ofatainiia. 

All  tungsten  compounde  torm  colonrleaa  beade  with  borax  and 
ph<>-;)>hiirufl  Mlt,  in  the  outer  blowpipe  flame.  With  hirrax,  in  the 
miiLF  (iiime,  the^  form  a  yellow  gift**,  if  the  quantity  of  tuiigBt«D  » 
xouiL-nhat  considerable,  but  colourless  with  a  stnaller  qnaotitT. 
With  7>AMfAonu  aalt  in  the  inner  Hame  they  fonii  a  glasn  of  a  pan 
blue  colour,  nnlew  metallic  oxidee  are  piewst,  which  modify  it ;  ia 
presence  of  iron  the  glass  is  bliHKl-red,  but  the  addition  of  metaUu; 
tin  n-nders  it  liiuc. 


Skd.  i,ll"ved  Willi  a  suidl  i|uantitv  of  tunys 
onliuary  hiiciluc^-^.  Wootz.  hr  Indiuu  stcl. 
Tuiiy«lfii  has  also  a  remarkable-  ellect  "ii  i-ti-i 
jKiwei'  of  retainiuK  intitjni'tism  when  haniciii 
maf,niet  of  ordinary  steel,  weighing  two  jHiimd 
giiiHl  i|Uali1y  when  it  bearfl  seven  times  its  own  i 
iiiR  to  Sii-iiieiiM,  n  similar  mafpiet  niiidi;  witi 
tuiik'sti'ii  inav  lie  made  t<i  carry  twenty  time*  it 
froia  the  ani'.Eiture* 


i^'ht  ;  but,  nocorl- 
Htci-1    fontainini; 

veight   sn^jHiidil 
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Atoiui^  wsifiht,  96.  Symlinl,  Mo. 
This  mi-tiil  necurs  ia  .-mnll  iiuantitv  as  Huliihidi-. or  innliih,j,„if, 
:>.*  k-;ld  Jimlybditte.  nr  tfvl/aiHe.  Melalli<-  limlvl.ielilim  is  .ibtiii 
by  I'Xi'iisiu^'  inolylKlie  oxide  in  a  charcoal-liiicil  crueible  to  thf  i 
intense  hi'at  that  can  lie  olitained.  It  is  a  white,  lirittle, 
esra-wliuft'y  infiisibli!  metal,  havi]i(j  a  density  of  S'O,  and  (ixiilis 
when  bvatiil  in  tlie  air,  to  molylxlic  oxide. 

ChlorideH.— MolvlMU'num  forms  four  clilfri.les,  cntaii 
MoCI^  }.1«(%  or  MojCl„,  M.iCI,  and  M.iC'l,  or  \ln..C],a. 

The  jKiit'irlilnritle  is  produceil  when  metallic  iuolvl»lei 
(previously  freed  froai  oxide  liy  ipnition  in  liydr<i!Tcii  cljoridi 
heated  for  some  time  in  a  stream  of  dry  chlorine  ;;a8. 


•  Joomal  yitlie  Chem^ta.YSodAj.S'ai'i.Vft'i.   "InAXMws,  vol.  vi.  p.  2St 
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The  pentachloride,  heated  to  about  250®  in  a  stream  of  hydrogen, 
is  reduced  to  the  red,  difficulty  volatile  trickloridej  M0OI3  ®' 
MogClg ;  and  this  compound,  heated  to  redness  in  an  atmosphere  of 
carbon  dioxide  free  from  oxygen,  is  resolved,  according  to  the 
equation  MooClg  =  MoCL+MoC^into  the  yeVLow  dichloride  which 
remains  in  tne  tube,  and  the  brown  tetrachloride  which  sublimes 
or  is  carried  forward  by  the  stream  of  gas. 

Of  these  four  chlorides  the  pentacmoride  is  the  only  one  which 
crystallises  distinctly,  and  melts  and  volatilises  without  decomposi- 
tion. The  pure  pentachloride  is  black.  Its  vapour  has  a  dark 
brown-red  colour.  The  sulphur-yellow  dichlonde  and  the  red 
trichloride,  which  is  deceptively  like  amorphous  phosphorus,  have 
been  obtained  only  in  the  amorphous  state ;  the  tetrachloride  is  an 
indistinctly  crystalline  brown  sublimate.  In  an  atmosphere  of  car- 
bon dioxide  the  dichloride  bears  a  bright  red  heat  without  melting 
or  volatilising;  the  trichloride  under  the  same  circumstances  is  resolved 
into  di-  and  tetrachloride,  which  when  again  heated  splits  up  into 
pentachloride  which  sublimes,  and  trichloride  which  remains  behiad. 

The  di-  and  trichloride  are  quite  permanent  in  the  air  at  ordinary 
temperatures,  and  insoluble  in  water ;  the  tetra-  and  pentachloride, 
on  tne  other  hand,  are  extremely  susceptible  of  the  action  of  oxygen, 
and  more  particularly  of  moisture. 

The  dichloride  is  insoluble  in  nitric  add,  which,  however, 
dissolves  all  the  other  chlorides.  The  dichloride  dissolves  easily  in 
hot  hydrochloric  add,  with  aid  of  heat,  and  crystallises  therefrom  on 
cooling,  in  long,  shining,  yellow  needles,  M02CI4.3H2O,  which  give 
off  2H2O  at  100°.* 

The  bromides  of  molybdenum  correspond  in  composition  with 
the  chlorides ;  there  is  also  an  oxybromiae  containing  Mo'^BrgOg. 

Fluorides. — Molybdenum  forms  three  fluorides,  MoF„  MoF.,  and 
MoF^  which  are  obtained  by  dissolving  the  corresponding  oxides  in 
hydrofluoric  acid.  The  hexRuoride  is  not  known  in  the  ft«e  state, 
but  only  in  combination  with  basic  metallic  fluorides  and  molybdates; 
thus  there  is  a  potassium  salt  containing  E^MoOf.KsMoFg. 

Oxides. — Molybdenum  forms  the  three  oxides,  MoO,  M0O2,  and 
MoO,,  besides  several  oxides  intermediate  between  the  last  two,  which 
may  be  regarded  as  molybdic  molybdates. 

The  monoxide,  or  Molyhdous  oxide,  MoO,  is  produced  by  bringing 
the  dioxide  or  trioxide,  in  presence  of  one  of  the  stronger  acids,  in 
contact  with  any  of  the  metals  which  decompose  water.  Thus  when 
zinc  is  immersed  in  a  concentrated  solution  ot  an  alkaline  molybdate 
mixed  with  a  quantity  of  hydrochloric  acid  sufficient  to  redissolve 
the  precipitate  first  tnrown  down,  zinc  chloride  and  molybdous 
chloride  are  formed.  The  dark-coloured  solution  thus  obtamed  is 
mixed  with  a  large  quantity  of  caustic  potash,  which  precipitates  a 
black  hydrated  molybdous  oxide,  and  retains  the  zinc  oxide  in  solu- 

*  Liechti  and  Kempi,  Liebig'a  AmialftTV^<u\ii^%^« 
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tion.  The  freshly  precipitated  liydrate  is  BoluUe  in  acida  nnd 
aiiimnuinin  carbonate  ;  when  heated  in  the  air  it  humn  to  dioxide, 
but  whendriedinaVBciium  it  leaves  the  black  anbydro  as  monoxide. 

Tlie  dioriiie,  ot  Mdybdie  laAdfi.  MoOj,  is  obtiiined  ill  the  aahy- 
&ioa»  state  by  heating  8i>diiim  inolybdate  with  sal-aminoniac,  the 
inoljlidiL-  trioTide  being  reduced  to  dioxide  by  the  hyilrogen  oftlie 
amninniocal  salt ;  or,  in  the  hydrot^id  BtAte,  by  di^'eating  melAllic 
copper  in  a  solatioii  of  molyhdlc  acid  in  hj^rochlortc  acid,  until  the 
liquid  aasmneg  a  red  cidour,  and  then  adding  a  large  excess  «f 
ammonia.  The  anhydrous  dioxide  is  deep  brovn,  and  inaolubk 
in  DC-ids  ;  tbe  hydrate  resembles  feme  hydrate,  and  divsoIvieE  in 
acids,  yielding  red  solutions.  It  is  converted  into  molybilic  acid  by 
strouK  nitric  acid. 

Triiuride  UoO,. — To  obtain  this  oiide  (commonly  called  MolyMie 
adt!)  native  molybdenum  sulphide  is  roasted,  at  a  red  heat,  in  on 
open  vessal,  and  the  impure  molvbdio  trioiide  thence  resitlling  is 
-'- '■■  ■■  = ".  The fllt«te^ sc'-"—  = *--' '-  -' 


dii'.'toh'td  in  ammonia.  The  filtered  solntion  is  evaporated  to  diyne^ 
.'ELiil  Oil'  salt  is  taken  up  by  water  and  purified  Dy  cryatalliMtim. 
Il  i>,  IjLuClr,  decomposed  by  beat>  and  tbe  ammonia  eipelleiL  The 
triri.^i.k'  in'ny  al^nl'c  pn-puVcrl  l.v  ,lecnmpn>.ini;  native  It '^id  iiinlyb.l;il. 
witli  sulphuric  iicid.  Il  is  awhile?  crysuUliiiP  piiwdrr.  fusibli- ai  a 
reil  heat,  aud  xlijihlly  soluble  iu  water.  The  solution  cfintAins 
inolijbdic  nciA,  but  this  aciil,  or  hydrate,  is  not  known  in  the  solid 
state.  The  trioxide  is  easily  Jisiiolved  by  alkalis,  and  forms  two  series 
of  wilt*,  vi^.,  (loraiai  ot  neutral  m!rfj6iirt(eji,  RoMoO,,  or  EjO.MoOj. 
ami  .mh!idri,molybdate>,  or  bitmhjhdata,  Rj  JIoO,.VoOs,  or  R,0.2MoOj, 
the  symbol  R  denoting;  a  univalent  metal.  Tnc  neutml  luolybiliiteK 
of  tlie  alkali -nietils  are  eiutily  soluble  in  water,  aud  their  tiilntion? 
yield,  witli  the  stronijer  acids,  a  precijjitate,  either  of  a  less  soluble 
1  li III nlyl "date,  or  of  the  anhydrous  trioxide.  Tbe  other  nirilylnlales 
are  hiMiiliiblf,  and  are  obtained  by  precijiitfitinii.  Li-ail  MiiUjii'hii'.. 
PbMoOj,  oi'turs  natii'e  in  yellow  quiiibatio  plutcti  and  octoheJroni, 

Sulphides. — Molybdenum  forms  three  sulphides,  MoS,,  ItloRt,,  and 
MoS„lhcliijit  two  of  which  are  acidsulphides,  forming  smphnr-^ilt?. 

The '/i>'({y)/i  lib,  iirJlfofi/6(Ju;<HljfAi(fe,M()Sj,  occurs  native,asiiiofi/fV<'MVi' 
in  I'.i'VHiallo-laminar  ni.isscs,  or  tabular  crystals,  having  u  striini; 
metiillic  lustre  and  lead-gn'v  colour,  and  forming  a  srey  strrsk 
ou  paiier,  like  iiliimlKijjo.  TTie  same  compound  is  produi'eil  ani- 
ficinily  by  heatiuf;  eitlier  of  the  hiylier  sulphides,  or  by  i"iiitini,'  ihi' 
trioxide  with  suljitiur.  When  roasted  iu  uoiitoct  with  thi;  air,  it  L- 
converted  into  tno.xide. 

The  tritvX^ide,  M0S3,  commonly  called  SiiljAomoliibdic  aciti,  h 
obtainLHl  by  passing  hvdrogen  sulphide  into  a  concentrated  solutiiiD 
of  an  alkaline  molylxlitte,  and  precipitating  with  an  ai'iil.  It  i'  a 
black-l>rown  powder,  winch  is  ili>^Mlved  slowly  by  alkiiliTi,  m.-re 
easily  by  alkaline  snlphidca  and  sulphydmli's,  foriniiifj  siiljihar 
salts  called  Sulphomoliibdiilea.  Most  of  those  salts  hiive  the  cinuj">^i- 
tion   ^MoS4,  ot  R^.^VqSj,  MviAwgioa  \n  'CQa.\.  <i<  llie  riiolvlxlai-:* 
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The  sulpho-molybdates  of  the  alkali-metals,  alkaline  earth-metals, 
and  magnesium,  are  soluble  in  water,  forming  solutions  of  a  fine  red 
colour ;  the  rest  are  insoluble. 

Tetrasulphide,  MoS^. — This  is  also  an  acid  sulphide,  formins  salts 
called  permlphcmolybautes,  the  general  formula  of  which  is  R^oSg, 
or  R2S.M0S4.  The  potassium  salt  is  obtained  by  boiling  the  sulpho- 
molybdate  with  molybdenum  trisulphide. 

Molybdous  salts,  obtained  by  dissolving  molvbdous  oxide  in 
acids,  are  opaque  and  almost  blaick.  They  yield,  with  hydrogen 
sulphidej  a  brown-black  precipitate  soluble  in  ammonium  sulphide  ; 
with  alkalis  and  alkaline  civrhoruUes^  a  brownish-black  precipitate  of 
molybdous  hydrate,  easily  soluble  in  acid  potassium  carbonate,  or  in 
ammonium  carbonate  ;  with  potassium  jerrocyanidef  a  dark  brown 
precipitate  ;  with  sodium  phosphate,  a  white  precipitate. 

Solutions  of  molybdic  salts  have  a  reddish-brown  colour. 
When  heated  in  the  air,  they  have  a  tendency  to  become  blue  by 
oxidation.  In  contact  with  metallic  zinc,  they  first  blacken  and  then 
yield  a  black  precipitate  of  molybdous  hydrate.  Their  reactions  with 
alkalis  J  hydrogen  mlphidsy  &c,  are  siinilar  to  those  of  molybdous 
salts  ;  but  the  precipitates  are  lighter  in  colour. 

Molybdates  are  colourless  unless  they  contain  a  coloured  base. 
Solutions  of  the  alkaline  molybdates  yield  with  acids  a  precipitate 
of  molybdic  trioxide,  soluble  m  excess  of  the  precipitant.  They  are 
coloured  yellow  by  hydrogen  sulphidsy  from  formation  of  a  sulpho- 
molybdate  of  the  alkali-metal,  and  then  yield  with  acids  a  brown 
precipitate  of  molybdenum  trisulphide.  This  is  an  extremely 
delicate  test  for  molybdic  acid.  They  form  white  precipitates 
with  the  salts  of  the  eaHhrmetals,  and  precipitates  of  various  colours 
with  salts  of  the  heavy  metals.  When  ortho-phosphoric  add,  or  a 
liquid  containing  it,  is  added  to  the  solution  of  ammonium  molyb- 
date, together  with  an  excess  of  hydrochloric  acid,  the  liquid  turns 
yellow,  and  after  a  while  deposits  a  yellow  precipitate  01  molybdic 
trioxide,  combined  with  small  quantities  of  phosphoric  acia  and 
ammonia.  This  precipitate  is  soluble  in  ammonia  and  likewise  in 
excess  of  the  phosphate.  The  reaction  is  therefore  especially 
adapted  for  the  detection  of  small  quantities  of  phosphonc  acia. 
The  pyrophosphates  and  metaphosphates  do  not  produce  the  yellow 
precipitate.    Arsenic  a^  gives  a  siinilar  reaction. 

All  the  oxides  of  molybdenum  form,  with  borax,  in  the  outer 
blowpipe  flame,  a  bead  which  is  yellow  while  hot,  and  colourless 
on  cooling  ;  in  the  inner  flame,  a  dark  brown  bead,  which  is  opaque 
if  excess  of  molybdenum  is  present.  By  long  continued  heating,  the 
molybdic  oxide  may  be  separated  in  dark  brown  flakes,  floating  in 
the  clear  yeUow  glass.  With  phosphorus  salt  in  the  outer  flame,  all 
oxides  of  molybdenum  ^ve  a  oead  which  is  greenish  while  hot,  and 
colourless  on  cooling  ;  m  the  inner  flame  a  clear  green  bead,  from 
which  molybdic  oxide  cannot  be  separated  by  continued  heating. 


CLASS  VIL— HEPTAD  SIETAL3. 

Manganese,  as  already  observed,  is  the  only  known  metal  tefer-  I 
able  to  thiB  clasa,  and  it  is  more  conTeniantly  dcecribed  in  "- 
nection  n-ith  the  iron  metala. 


CLASS  Vin.^-OKOUP  L— IRON  METALS. 

IBON. 

Atomic  weiglxt,  68.     Symbol,  Fa  {Ternim). 
Tbib  \a  llie  mMt  impoitsmt  t£  all  the  metalB  :    thevi  an  fcv   I 
Hub^IiinceB  to  which  it  yields  in  istereat,  when  it  is  considered  how 
verv  iutimattly  the  knowledge  of  ite  ])ri)[jerties  and  UBes  ia  ronnecteil 
with  human  civibaalion. 

Metallic  iron  is  of  extecdinsly  rate  occurrence  ;  it  lins  Ix-en  ftrand 
lit  Canaan,  iti  Cuunectiunt,  tbrmtni:  a  vein  abctut  tn'o  inches  thick 
in  mica-slate ;  but  it  enters  into  the  composiiinn  of  niiiny  of  IIkb* 
i!Xtraonlinary  Etones  known  to  fall  from  the  air,  culletl  meleoriltf. 
[aolnteil  nias«es  of  wft  nialeable  iron  al^o,  of  la^^  diuienaions,  lie 
loose  upon  the  surface  of  ihe  earth  in  South  America  and  eWwhere, 
itnd  ore  ]>resunieil  to  have  had  a  eimilar  origin :  these  latt-er.  in 
common  with  the  iron  of  the  undotibtcd  meteorites,  contain  nickel. 
In  an  oxidised  condition,  the  presence  of  iron  may  be  said  to  be 
universd ;  it  constitutes  a  greiit  pirt  of  the  cuniinon  colouring 
■natter  of  rocks  and  soils  ;  it  is  contained  in  plants,  and  fomis  an 
esijential  component  of  the  blood  of  the  animal  iVidy.  It  is  al-so  verv 
common  in  the  state  ol  bisulphide.  Pure  iron  niay  lie  pi«]ianil, 
accordiu)'  to  Mitscherlich,  by  introducing  into  a  He»jinn  criicilJi' 
4pHrt»  of  fine  iron  wir«  cut  small,  and  1  part  of  blrick  iron  oxide. 
ThiM  is  covered  with  a  mixture  of  white  sand,  lime,  and  notossiuni 
carbonate,  in  the  projiortions  used  for  glass-making,  nuu  a  covet 
beini;  closely  a]iplied,  the  crucible  is  exposed  to  u  very  high  degree 
of  lieiiL  A  button  of  pure  metal  i«  tl'us  obtained,  the  tiw^es  of 
carbon  and  silicon  present  in  the  wire  having  leen  removed  by  the 
oxygen  of  the  oxide. 

Pure  iron  hiw  a  white  colour  and  perfect  lustre  :  it  is  extremely 
soft  and  tough,  and  has  a  sjiecilic  gravity  of  7'S.  Its  crystalline 
form  is  proliably  the  culie,  to  judge  from  appearances  occnsioiiRlly 
exhibited.  In  good  bnr-iton  or  wire,  a  distinct  fibrous  texture  mav 
always  be  observed  when  tlie  met)d  lias  been  attacked  by  ru.sting  or 
by  the  application  of  an  acid,  and  upon  the  perfection  o"f  this  fibre 
much  of  itB  BtrengtVi  tm<\  viiuc  flw^Mfe,    V^-io. « the  most  tenacious 
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of  all  the  metals,  a  wire  ^  of  an  inch  in  diameter  bearing  a  weight 
of  60  lbs.  It  is  veiT  difficult  of  fusion,  and  before  becoming  liauid 
passes  through  a  sou  or  pasty  condition.  Pieces  of  iron,  pr^sea  or 
hammered  together  in  this  state,  cohere  into  a  single  mass  :  the 
operation  is  termed  welding y  and  is  ususJly  performed  by  sprinkling 
a  little  sand  over  the  heated  metal,  which  combines  with  the 
superficial  film  of  oxide,  forming  a  fusible  silicate,  which  is  sub- 
sequently forced  out  from  between  the  pieces  of  iron  by  the  pressure 
applied  :  clean  surfaces  of  metal  are  tnus  presented  to  eacn  other, 
and  union  takes  place  without  difficulty. 

Iron  does  not  oxidise  in  dry  air  at  common  temperatures  :  heated 
to  redness,  it  becomes  covered  with  a  scaly  coating  of  black  oxide, 
and  at  a  high  white  heat  bums  brilliantly,  producing  the  same 
substance.  In  oxygen  gas  the  combustion  occurs  with  still  greater 
ease.  The  finely  divided  spongy  metal,  prepared  by  reducing  the 
red  oxide  with  nydrogen  gas,  takes  fire  spontaneously  in  the  air. 
Pure  water,  free  from  air  and  carbonic  acid,  does  not  tarnish  a 
surface  of  polished  iron,  but  the  combined  agency  of  free  oxygen 
and  moisture  speedily  leads  to  the  production  of  rust,  which  is  a 
hydrate  of  the  sesquioxide.  The  rusting  of  iron  is  wonderfully 
promoted  by  the  presence  of  a  little  acid  vapour.  At  a  red  heat, 
iron  decomposes  water,  evolving  hydrogen,  and  passing  into  the 
black  oxide.  Dilute  sulphuric  and  hyc&ochloric  acids  dissolve  it 
freely,  with  separation  of  hydrogen.  Iron  is  strongly  magnetic  up 
to  a  red  heat,  when  it  loses  all  traces  of  that  remarkaole  property. 

Iron  forms  two  classes  of  compounds;  namely  the  ferrous  com- 
pounds, in  which  it  is  bivalent,  e.gr.,  FeClj,  FeO,  FeS04,  &c.,  and 
the  ferric  compounds,  in  which  it  may  be  regarded  either  as 
trivalent  like  aluminium,  or  as  quadrivalent:  ferric  chloride,  for 
example,  mav  be  either  FeClj  or  FcjCl^  =  ClgFt — FeCl, ;  the  vapour- 
density  of  this  compound,  as  determmed  by  Deville,  is  in  favour 
of  the  latter  formula. 

Chlorides. — The  diMoridey  or  Ferrous  chloride,  FeClj,  is  formed 
by  transmitting  drjr  hydrochloric  acid  gas  over  red-hot  metallic  iron, 
or  bv  dissolving  iron  in  hydrochloric  acid.  The  latter  solution 
yields,  when  ouly  concentrated,  green  crystals  of  the  hydrated 
dichloride,  FeCl2.4H20  ;  they  are  very  soluble  and  deliquescent,  and 
rapidly  oxidise  in  the  air. 

The  trichloride,  or  Ferric  chloride,  F^Cl^  is  usually  prepared 
by  dissolving  ferric  oxide  in  hydrochloric  acid.  The  solution, 
evaporated  to  a  syrupy  consistence,  deposits  red  hydrated  crystals, 
which  are  very  soluble  in  water  and  alcohol.  It  forms  double  salts 
with  potassium  chloride  and  sal-ammoniac.  When  evaporated  to 
dryness  and  strongly  heated,  much  of  the  chloride  is  decomposed, 
yielding  sesquioxide  and  hydrochloric  acid :  the  remainder  sublimes, 
and  afterwards  condenses  m  the  form  of  small  brilliant  red  crystals, 
which  deliquesce  rapidly.  Anhydrous  ferric  chloride  is  also  pro- 
duced by  the  action  of  chlorine  upon  the  heated  metal.    The  solution 


I,  or  Perrvm  crUa,  FeO.— Tbia  is  m  Twy 
neutralisioR  acids,  and  iaamOBtiteaa  >riA  DBSttMi^ 


of  ferric  chloriiJe  is  capable  of  dissolving  a  lar^  eiceas  of  iwmtly 
precipitnted  ferric  hydrate,  Itj  whiii  it  ocquireB  a  tmndt   darker 

Zodidea. — Ftrrous  iodidt,  Fel^,  is  on  imporbmt  medicinal  pie- 
pamtion :  it  is  easily  made  bj  digesting  iodine  with  water  and 
ijntiillic  iron.  The  solution  is  pale-green,  and  jielda,  on  eTapuia- 
tion.  irvfltala  leBemblins  iliose  oi  the  chloride,  which  rapidly  oiidiiie 

•III  esjioBiiTB  to  air.    It  IB  best  preeervi'd  in  eolntion  in  contact  wil 
eitttwi  of  iron. — Ferric  iodide,  Fe^Ig^s  yellowiah-red  and  soluble. 

Iron  Oxides  and  Oxysalte. — Three  oxides  of  iron  are  kn 
nnnu'ly,  feiTouB  oxide,  FeO,  and  ferric  oxide  Fe^Dj,  analt^t 
the  L'liloridea,  and  on  intermediate  oxide,  nsnaUy  called  rnag 
iron  oxide,  containing  FcjOj  or  FeO.Fe,Oy     A  trioxide,  FK)^; 
supposed  to  exist  in  a  cloas  of  salts  called  ferTat««,  but  it  has  n 
been  i»^ulated. 

Monoxidi,  0 

itralisiog  acids,  and.  MBnonAotH  Mtt  DB«IMri%« 
in  nlmoHt  luknown  b'As  liepinto  itaM,  &Wt  ifalu 
nefis  to  nliflorb  oxvRen  and  paw  into  the  wequioside. 
ferrous  will  is  mixed  with  canstic  alkali  or  iinimonia,  a  bulky  whili-t 
])rei;ipitiite  of  ferrous  hydrate  falls,  wbidi  becomes  neai'ly  black 
wliL-n  boiled,  the  vater  being  sepamteil.  This  hydrate  chaiiy>-s  verr 
rapidly  when  Bxposed  to  the  air,  becoming  preen  and  ultimately  red- 
brown.  Tlie  Biiluble  ferrous  sidts  have  coiuiuonly  a  delicate  pale- 
green  colour  and  a  nauseous  metallic  Uvste. 

Stuqiiioxidi;  or  Ferrif  oxide,  FeaO,.— A  feeble  base,  isciniorphnii.» 
wilh  alumina.  It  occurs  native,  most  beautifully  errstiillisml,  a.'^ 
specular  iron  ore,  in  the  island  of  Elba,  and  elsewhere';  also  ns  red 
and  bniwn  lia-nuilili:,  the  latter  lieiiig  a  hydrate.  It  is  artifii'ially 
premred  by  precijiitaling  a  nohition  of  ferric  sulphate  or  chlnriife 
willi  excess  of  ammonia,  and  washing,  drying,  and  ipiiitiiii;  tlie 
yellowisli-biiiwn  hydrate  thus  jiroilucwl :  fixal  alkali  must  not  lie 
used  in  this  operation,  as  a  portion  is  retained  by  the  oxiilc.  In 
fine  ]M)wiler,  lliis  oxide  has  a  full  red  colour,  and  is  oseil  as  a  pig- 
ment, Ix'iug  firepared  for  the  purpose  by  calcination  of  ferrous  sul- 
pliate;  the  tint  varicB  somcwjiut  with  the  temperature  to  which 
It.  lias  iM'cn  exjioBed.  The  oxide  is  unaltered  in  the  fire,  although 
easily  redui*tt  at  a  high  temperature  by  carbon  or  hydrogen.  It  dis- 
solies  in  acids,  with  difficulty  iitlcr  strong  ignition,  forniing  a  series 
of  reddish  salts,  which  have  an  acid  reaction  and  an  astringent  taste. 
Feme  oxide  is  not  acted  upon  by  the  m%-net. 

Trifo-ro-Mraride,  Femmi-ferric  oridc,  FejO<=FeO.FejO_T,  alw. 
calleil  black  (rati  nriih,  mnijnttif.  oridt,  and  hadilime,  a  naturiil  pro- 
duct, one  of  the  most  valuable  of  the  iron-ores,  often  found  in  re<>nlar 
octohedral  crystals,  which  are  magnetic.  It  may  I*  pw'part-d  bv 
mixuig  due  proportions  of  feiro.is  and  ferric  salts,  pn^cipitntinj;  them 
With  excess  of  alkali,  and  then  boiling  the  mixeil  hydrates  ;  the 
Jotter  th^i  unite  to  a  'VAaaV  aao.i'j  wtt\jfc\».ii(ie,  ttiwating  of  minute 
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crystals  of  the  magnetic  oxide.  This  oxide  is  the  chief  product  of 
the  oxidation  of  iron  at  a  high  temperature  in  the  air  and  m  aqueous 
vapour.    It  is  incapable  of  lorming  definite  salts. 

Ferrates. — When  a  mixture  of  one  part  of  pure  ferric  oxide  and 
four  parts  of  dry  nitre  is  heated  to  full  redness  for  an  hour  in  a 
covered  crucible,  and  the  resultinc  brown,  porous,  deliquescent  mass 
is  treated  when  cold  with  ice-cold  water,  a  deep  amethystine-red 
solution  of  potassium  ferrate  is  obtained.  The  same  salt  may  be 
more  easily  prepared  by  passing  chlorine  gas  through  a  strong  solu- 
tion of  potash  in  which  recently  precipitated  ferric  hydrate  is  sus- 
pended; it  is  then  deposited  as  a  black  powder,  which  may  be 
di'ained  upon  a  tile,  it  consists  of  KgFeO.  or  KjCFeOg,  and  is 
therefore  analogous  in  composition  to  the  sulphate  and  chromate  of 
potassium.  The  solution  oi  this  salt  gradually  decomposes,  even  in 
the  cold,  and  rapidly  when  heated,  giving  off  oxygen  and  depositing 
sesquioxide.  The  solution  of  potassium  ferrate  gives  no  precipitate 
witn  salts  of  calcium,  magnesium,  or  strontium,  but  when  mixed 
with  a  barium  salt,  it  yields  a  deep  crimson,  insoluble  barium  ferrate^ 
BaFe04  or  BaO.FeOj,  which  is  very  permanent.  Neither  the 
hydrogen-salt  or  ferric  acid,  H2Fe04,  nor  the  corresponding  anhydrous 
oxide,  FeOj,  is  known  in  the  separate  state. 

Ferrous  Sulphate,  FeS04.7H20  or  FeO.SO3.7H2O.— This 
beautiful  and  important  salt,  commonly  called  green  vitrioU  iron 
vitriol,  or  copperas,  may  be  obtained  by  dissolving  iron  in  dilute  sul- 
phuric acid  :  it  is  generally  prepared,  however,  and  on  a  very  large 
scale,  by  contact  of  air  and  moisture  with  common  iron  pyrites, 
which,  by  absorption  of  oxygen,  readily  furnishes  the  substance  in 
question.  Heap  of  this  material  are  exposed  to  the  air  untQ  the 
decomposition  is  sufficiently  advanced  :  the  salt  produced  b  then 
dissolved  out  by  water,  and  the  solution  made  to  crystallise.  It 
forms  large  green  crystals,  of  the  composition  above  stated,  which 
slowly  effloresce  and  oxidise  in  the  air :  it  is  soluble  in  about  twice 
its  weight  of  cold  water.  Crystals  containing  4  and  also  2  mole- 
cules ot  water  have  been  obtamed.  Ferrous  sulphate  forms  double 
salts  with  the  sulphates  of  potassium  and  ammonium,  containing 
FeK2(S04)5^.6H20  and  Fe(NH4)2(S04)2.6H20,  isomori>hou3  with  the 
correspondmg  magnesium  salts. 

Ferric  Sulphate,  (Fe2)''(S04)g  or  FejOg.SSOs,  is  prepared  by 
adding  to  a  solution  of  the  ferrous  salt  exactly  one-half  as  much  sul- 
phuric acid  as  it  already  contains,  raising  the  liquid  to  the  boiling- 
point,  and  then  dropping  in  nitric  acid  until  the  solution  ceases  to 
blacken  by  such  adoition.  The  red  liquid  thus  obtained  furnishes, 
on  evaporation  to  dryness,  a  buff-coloured  amorphous  mass,  which 
dissolves  very  slowly  when  put  into  water.  With  the  sulphates  of 
potassium  and  ammonium,  this  salt  yields  compoimds  having  the 
i(xm.  and  constitution  of  alums ;  the  potassium  salt,  for  example, 
has  the  composition  Fe'''K(SO^sl2H20.    The  crystals  are  nearly  aes- 
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Ferroub  Cabbonatb,  FeCO,  or  FeO 
tate  obtained  by  mixing  solutians  o. 
carbonate  :  it  cannot  be  waahed  and  d 
acid  and  abeorbing  oxygen.  This  sul 
ipatKote  iron  ore,  or  tfwi  »par,  aBsociatet 
calcium  and  magneHium  carbonatfig ;  a] 
etone,  from  which  nearly  all  the  Britis 
fonnd  in  mineral  wat«n,  being  nJuble 
Huch  waters  are  known  by  the  rtuty  mal 
to  the  air.    No  ferric  carbonate  is  Know 

The  pho^ikaUt  of  iron  are  ail  inaolnbl 

idefc-^Several  C' 

e  the  two  most  ii 

7iumi>iulphidt,  or  ferrout  ruiphide,  Fes,  ia 
attracted  by  the  magnet,  formed  by 
sulphur.  It  is  dissolved  by  dilute  acids 
etted  hydrogen  gag,  and  is  constantly  ei 
the  laboratory,  Leing  made  by  projectin 
mixture  of  2J  ports  of  sulphur  and  4  pai 
of  cast  iron,  and  eiclnding  the  air  aa  m 
substance  is  formed  when  a  bar  of  wt 
contact  with  sulphur.  The  bis\dpkiiU, 
natural  product,  occurring  in  rocks  of  all 
in  many  cases  by  the  gradual  deoxidat 
organic  matter.  It  has  a  brass-yellow 
attractfid  bv  the  mannct.  nncl  n.>t  i.,-i...i  ." 
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little  is  known  lespecting  them  in  a  definite  state.  The  carbonide 
is  contained  in  cast  uon  and  in  steel,  to  which  it  communicates  ready 
fosibilitj  ;  the  silicon-compound  is  also  found  in  cast  iron.  Phos- 
phorus IS  a  very  hurtful  suostance  in  bar  iron,  as  it  renders  it  brittle 
or  coldrshort. 


Reactions  of  Ibon  Salts. — Ferrous  salts  are  thus  distin- 
guished : 

Caustic  aUcalia  and  ommonta  give  nearly  white  precipitates,  in- 
soluble in  excess  of  the  reagent,  rapidhr  l>ecoming  green,  and  ulti- 
mately brown,  by  exposure  to  air.  The  carbonates  of  potassium, 
sodium,  and  ammonivmi  throw  down  whitish  ferrous  carbonate,  also 
very  subject  to  change.  Hydrogen  svJlphide  gives  no  precipitate,  but 
amfimonium  stUphdde  uirows  down  black  ferrous  sulpnide,  soluble  in 
dilute  acids.  Potasdtmiferrocyanide  gives  a  nearly  white  precipitate, 
becoming  deep-blue  on  exposure  to  air ;  the  ferricya/n%de  gives  at 
once  a  deep-blue  precipitate. 

Ferric  salts  are  thus  characterised : 

Caustic  fixed  alkalis  and  amnmfionia  give  foxy-red  precipitates  of 
/erric  hydrate,  insoluble  in  excess. 

The  ca/rhonaies  behave  in  a  similar  mann^,  the  carbonic  acid 
escaping.  Hydrogen  sulphide  gives  a  nearly  white  precipitate  of 
sulphur,  and  reduces  the  sesquioxide  to  monoxide.  Ammonium 
sulphide  gives  a  black  precipitate,  slightly  soluble  in  excess.  Potas- 
sium  ferrocyanide  yields  Irussian  flue.  Tincture  or  infusion  of 
gall-nuts  strikes  intense  bluish-black  with  the  most  dilute  solutions 
of  ferric  salts. 


Iron  Manufacture. — This  most  important  branch  of  industry 
consists,  as  now  conducted,  of  two  distinct  parts — ^viz.,  the  produc- 
tion from  the  ore  of  a  fusible  carbonide  of  iron,  and  the  subsequent 
decomposition  of  the  carbonide,  and  its  conversion  into  pure  or 
malleable  iron. 

The  clay -iron  ore  \&  found  in  association  with  coal,  forming  thin 
beds  or  nodules  4  it  consists,  as  already  mentioned,  of  ferrous 
carbonate  mixed  with  clay  ;  sometimes  lime  and  magnesia  are  also 
present.  It  is  broken  in  pieces,  and  exposed  to  heat  in  a  furnace 
resembling  a  lime-kiln,  by  which  the  water  and  carbonic  acid  are 
expelled,  and  the  ore  rendered  dark-coloured,  denser,  and  also 
magnetic  :  it  is  then  -ready  for  reduction.  The  furnace  in  which 
this  operation  is  performed  is  usually  of  very  large  dimensions,  50 
feet  or  more  in  height,  and  constructed  ot  brickwork  with  great 
solidity,  the  interior  being  lined  with  excellent  fire-bricks  :  the 
shape  will  be  understood  from  the  section  shown  in  fig.  154.  The 
furnace  is  close  at  the  bottom,  the  fire  being  maintained  by  a 
powerful  artificial  blast  introduced  by  two  or  three  twyere-pipes,  as 
shown  in  the  section.  The  materials,  consisting  of  due  proportion 
of  coke  or  carbonised  coal,  roasted  ore,  and  limestone,  are  constantly 
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1 1    HT  et  en  dmt  nguml  ed  by   LffereuLes     f  col 
ifinpoi*  t  on  and  k     wn  by  the  n  n   fofgrty  II    I 
a    1    /  I    iro       "The  f  rst  la  for  n     t  ]  u  jMists  the  l-ect  a     t  adn  t 
ot  lieiii«  tiled  and  cut  with  ])eifect  ease.     The  hlaik  and  grty  kiiid- 

Srulialdy' contain  a  mechanical  adniixtuTC  of  f^iupliite,  which  sej>arut<;? 
urui^'  Milidilicatii'm. 
A  great  improvement  iu  the  original  mode  of  conducting   llie 

Crocess  was  the  tiulistitution  of  mw  coal  for  coke,  and  tlie  IJowlncriit 
lit  air  instend  of  cold  into  the  furnace.  This  is  effected  by  caiii-iiii: 
tlic  ail',  on  Icariug  the  blowing-machine,  to  circulnte  through  h 
fyst^iii  of  red-hot  iron  pipen,  until  ib;  temperature  bct:onic«  high 
enough  to  melt  lead.  This  alteration  etTccts  a  proiIigioUR  tuiviii;^  iri 
fuel,  without  injury  to  the  (iiiality  of  the  product. 

The  conversion  of  cast  into  liariitin  ia  effected  chiefly  by  an  opera- 
tion called  pMrfrfd'ufl,  previous  to  which,  however,  it  Bometimi's  iiniler- 
goeKaprucuKscalleil  re^niu^,  which  consislB in remelting  it, in  contact 
witli  the  fuel,  in  Kmall  low  funiacea  called  Ttfiiurics,  while  nir  is 
blown  over  its  surCice  by  nieiiT.R  of  twycres.  The  effect  of  Ibin  opera- 
tion in  to  di-j;rive  the  iron  of  a  gre;it  part  of  the  carbon  aiid  eilicon 
OKBocinted  with  it.  The  metal  thus  purified  is  run  out  into  a 
trench,  and  Kudiletily  cooled,  b^'  which  it  becomes  while,  crystalline, 
and  exceedingly  hard:  in  this  state  it  ia  called  fine  metal.  The 
puddling  procesa  is  couAvitWiui  an  oiiwuit;;  teverberatory  furnace, 
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into  which  the  charge  of  crude  or  of  fine  metal  is  introduced  by  a  side 
aperture.  This  is  sueedUy  melted  by  the  flame,  and  its  surface  covered 
with  a  crust  or  oxiae.  Tjie  workman  then,  by  the  aid  of  an  iron  tool, 
diligently  stirs  the  melted  mass,  so  as  intimately  to  mix  the  oxide 
with  the  metal ;  he  now  and  then  also  throws  in  a  little  water, 
with  the  view  of  promoting  more  rapid  oxidation.  Small  jets  of 
blue  flame  soon  appear  upon  the  surfjEice  of  the  iron,  and  the  latter, 
after  a  time,  begins  to  lose  its  fluidity,  and  acquires,  in  succession,  a 
pasty  and  a  granular  condition.  At  this  point  the  fire  is  strongly 
urged,  the  sandy  particles  once  more  cohere,  and  the  contents  of  the 
furnace  now  admit  of  beine  formed  into  several  large  balls  or 
masses,  which  are  then  withdrawn,  and  placed  imder  an  immense 
hammer,  moved  by  machinery,  by  which  each  becomes  quickly 
fashioned  into  a  rude  bar.  This  is  reheated,  and  passed  between 
grooved  cast-iron  rollers,  and  drawn  out  into  a  long  bar  or  rod. 
To  make  the  best  iron,  the  bar  is  cut  into  a  number  ol  pieces,  which 
are  afterwards  piled  or  bound  together,  asain  raised  to  a  welding 
heat,  and  hammered  or  rolled  into  a  single  oar ;  and  this  process  of 
piling  or  fagoting  is  sometimes  twice  or  thiice  repeated,  the  iron 
becoming  greatly  improved  thereby. 

The  general  nature  of  the  change  in  the  puddling  furnace  is  not 
difficult  to  explain.  Cast  iron  consists  essentially  of  iron  in  com- 
bination with  carbon  and  silicon.  When  strongly  heated  with 
iron  oxide,  those  compounds  undergo  decomposition,  the  carbon  and 
silicon  becoming  oxidised  at  the  expense  of  the  oxygen  of  the 
oxide.  As  this  change  takes  place,  the  metal  gradually  loses  its 
fusibility,  but  retains  a  certain  degree  of  adhesiveness,  so  that  when 
at  last  it  comes  imder  the  tilt-hammer,  or  between  the  rollers,  the 
particles  of  iron  become  agglutinated  into  a  solid  mass,  while  the 
readily  fusible  silicate  of  the  oxide  is  8<^ueezed  out  and  separated. 

All  these  processes  are,  in  Great  Britam,  performed  with  coal  or 
coke ;  but  tne  iron  obtained  is,  in  many  respects,  inferior  to  that 
made  in  Sweden  and  Russia  from  the  magnetic  oxide,  by  the  use  of 
wood  charcoal — a  fuel  too  dear  to  be  extensively  employed  in 
England.     Plate  iron  is,  however,  sometimes  made  with  charcoal. 

A  method  of  producing  malleable  iron  directly  from  the  ore  has 
been  invented  by  C.  W.  Siemens.*  The  furnace  ponsists  of  a  rotatory 
iron  cylinder,  which,  by  means  of  wheel-gearing,  may  be  made  to 
revolve  either  four  or  five  times  or  from  60  to  80  times  in  an  hour. 
The  ore  to  be  smelted  is  broken  into  frs^ments  not  exceeding  the 
size  of  peas  or  beans ;  and  to  it  is  added  lime  or  other  fluxing 
material,  in  such  proportion  that  the  gangue  contained  in  the  ore 
and  flux  combines  with  only  a  little  ferrous  oxide  into  basic  and 
fluid  slag.  If  the  ore  is  hsematite,  or  contains  silica,  it  is  best  to 
add  alumina  in  the  shape  of  aluminous  iron  ore ;  manpaniferous 
iron  ore  may  also  be  added  with  advantage.    A  charge  ot  about  20 

*  Chem.  Soc  Jour.,  187i  p-  671 ;  Watts's  Dictionary  of  Chemistry,  2d 
Suppl.,  p.  70L 


:,n,i  oivr,  juesi^ntiiit:  cniitiiumlly  new 
and  io  the  Hame  within  the  rotator. 
When  the  reduction  of  the  iron 
rotator  is  slopped  in  the  proper  posi 
cinder  ;  after  this  tlie  quick  speed 
whereby  the  loose  masses  of  iron  con 
lected  into  two  or  three  metallic  ball 
shingled  in  the  usual  way  of  consolidi 
noce  is  tapped  again,  and  is  ready  to  r 

Steel. — A  very  remarkable  and  ni( 
by  heating  iron  in  contact  with  charco 
imbedded  in  charcoal  powder,  conta 
crucible  or  chest  of  some  subfitance  cai 
exposed  for  many  hours  to  a  full  red  be 
these  citcumstances,  from  P3  to  1-7  p 
harder,  and  at  the  same  time  fusible 
however,  of  malleability.  The  activ 
procesH  is  probably  carbon  monoiide 
the  crucible  combines  with  the  carbon  1 
is  afterwards  decomposed  by  the  heate 
being  abstracted  by  the  latter.  The 
takes  np  an  additional  dose  of  carbon 
becomes  monoxide,  the  ojygen,  or  roth 
as  a  carrier  between  the  charcoal  and 
tliis  operation  is  called  Mitlered  steel,  f 
appearance  of  the  bar«:   the  texture 
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The  quantity  of  tungsten  thug  absorbed  by  the  iron  is  very  small, 
and  some  chemists  attribute  the  properties  of  the  so-called  timg- 
sten  steel  to  the  general  treatment  rather  than  to  the  presence  of 
tungsten. 

The  most  perfect  kind  of  steel  is  that  which  has  undergone  fusion, 
having  been  cast  into  ingot  moulds,  and  afterwards  hammered :  of 
this  ail  fine  cutting  instruments  are  made.  It  is  difficult  to  forge, 
requiring  great  skill  and  care  on  the  part  of  the  operator. 

Steel  may  also  be  made  directly  from  some  particular  varieties  of 
cast  iron,  as  that  from  spathose  iron  ore  containing  a  little  man- 
ganese. The  metal  is  retained,  in  a  naelted  state,  on  the  hearth  of  a 
furnace,  while  a  stream  of  air  plays  upon  it,  and  causes  partial 
oxidation  :  the  oxide  produced  reacts,  as  before  stated,  on  the  carbon 
of  the  iron,  and  withdraws  a  portion  of  that  element.  When 
a  proper  degree  of  stiffness  or  pastiness  is  observed  in  the  residual 
metal,  it  is  withdrawn,  and  hanmiered  or  rolled  into  bars.  The 
wootZy  or  native  steel  of  India,  is  probably  made  in  this  manner. 
Annealed  cast  iron,  sometimes  called  run  steel,  is  now  much 
employed  as  a  substitute  for  the  more  costly  products  of  the  forge  : 
the  articles  when  cast,  are  imbedded  in  powdered  iron  ore,  or  some 
earthy  material,  and,  after  being  exposed  to  a  moderate  red  heat  for 
some  time,  are  allowed  to  cool  slowly,  by  which  a  very  great 
degree  of  softness  and  malleability  is  attained.  It  is  very  possible 
that  some  little  decarbonisation  may  take  place  during  this 
proceas. 

Cast  steel  may  also  be  made  in  Siemens's  rotatory  furnace  above 
described,  the  balls  being  transferred  from  the  rotator  to  the  bath  of 
a  steel-melting  furnace  m  their  heated  condition,  and  without  sub- 
iecting  them  to  previous  consolidation  under  a  hammer  or  shingling 
machine.  It  is  possible,  however,  to  push  the  operation  within  the 
rotator  to  the  point  of  obtaining  cast  steel.  For  this  purpose  the 
relative  amount  of  carbonaceous  matter  is  somewhat  mcreased  in 
the  first  instance,  so  that  the  ball,  if  shingled,  would  be  of  the 
nature  of  puddled  steel,  or  even  contain  some  carbon  mechanically 
mixed. 

Bessemer  steel  is  produced  by  forcing  atmospheric  air  into  melted 
cast  iron.  The  carbon  being  oxidiBed  more  readily  than  the  iron, 
it  is  converted  into  carbon  monoxide,  which  escapes  in  a  sufficiently 
heated  state  to  take  fire  on  coming  in  contact  with  atmospheric  air. 
Considerable  heat  is  generated  by  the  esidation  of  the  carbon  and 
iron,  so  that  the  temperature  is  kept  above  the  melting-point  of 
steel  during  the  whole  of  the  operation.  When  the  decarburation 
has  been  carried  far  enough,  the  current  of  air  is  stopped,  and  a 
small  quantity  of  white  pig  iron,  containing  a  large  amount  of 
manganese,  is  dropped  into  the  liquid  metal.  This  serves  to  facili- 
tate the  separation  of  any  gas  retained  with  the  melted  metal, 
which,  after  a  few  minuter  rest,  is  run  into  ingot  moulds. 

The  most  remarkable  property  of  steel  is  that  of  becoming  exceed- 
ingly hard  when  quickly  cooled.    When  heated  to  redness^  and 
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BiidJenly  quenched  in  cold  voter,  steel,  in  bet,  bectinips  capable  of 
BL'riik'hing  glass  with  facility  :  if  reheated  to  redness,  and  once  took 
lurt  til  oooL  slowly,  it  agkin  becnmee  nearly  as  Aoft  b»  ordinaty  inm; 
and  ]K.-tween  thene  two  conditious,  imy  required  degree  of  listdiiaa 
may  In:  attained.  The  artidea,  foi^d  into  Bhape,  are  fiiBt  hardeDed 
in  till'  manner  deacribed ;  they  are  then  teinpfml,  or  Ut  4avm  by  ex- 
Ijnsun'  to  a  proper  degree  of  annealing  heat,  which  is  often  jaJfied 
of  hv  the  coloDi  of  the  thin  film  of  oxide  which  appeats  on  the 
polL^^hod  Burface.  Thus,  a  temperature  of  about  221*  C.  (4311'  F.), 
iiiilii'iiled  by  afaintBtraw  colour,  giTes  the  proper  tenijier  for  taion: 
thnt  fur  BOBSorN,  penknives,  &c.,  u  comprised  between  243'  C.  and 
25-1°  C,  (470-^90*  F.),  and  is  indicated  by  a  full  yellow  or  hwwD 
tint.  Swords  and  watchsprin)^  require  to  be  softer  and  mm 
eluftio,  and  must  be  lieated  M  288°  or  393°  0.  (560-560°  P.),  or  until 
the  surface  faecomee  deep  blue.  Attentiou  to  these  uolours  haa  now 
1ii!Ciimc  of  less  importance,  OB  metal  batlu  are  often  subalituted  fet 
the  upen  &xv  in  this  opeiation.  ^^^^^k 


Atomic  weiglit,  D8'8.     Symbol,  Xi. 

NicKET,  is  frniml  in  tiilerable  abundance  in  some  of  tlie  inetal-b*ar- 
ill;:!  veins  of  the  Saxon  mountains,  in  Westphnlin,  Hi-siiia,  Hun^miy. 
and  Sweden,  diieiiy  ab  arsenide,  the  kyiftniickd  oi  uihii-TsXogliita,^' 
called  from  its  yellowieh-reJ  colour.  The  word  niriel  is  a  term  ni 
dulnn-tiini,  havin-j  been  applied  by  the  old  Oerman  miners  t»  what 
KOji  joiihi'd  uj:on  as  a  kind  of  false  copper  ore. 

Tlif  lutilicial. or i»erhap8  rather  nie^y  fuseilpiwlaot,  calli'd  g/visf. 
is  nearly  the  same  substance,  and  may  be  eniployed  as  a  sonive  of 
the  nickel  xallx.  This  nietul  is  found  in  meteoric  imn,  as  ulreadT 
mentioned. 

Siekel  iw  easily  prepiireil  liv  exposing  the  oxalate  Id  a  hit;Ii  while 
hi-at,  in  a  crucible  lined  with  eharcoal,  or  by  reducini;  oiu'  <.f  the 
oxiili'n  by  mean.s  of  b^-ilrc^en  at  a  hiyh  teuipemtui*.  It  is  a  whit^, 
malleable  metal,  having;  a  deiiaity  of  8'8,  a  lii^h  melliny-jioint,  ami 
II  less  deji^-e  of  oxidability  Jhou  mm,  since  it  is  l>iit  litiU-  attackwl 
by  dilute  aeids.  Nickel  is  strongly  magnetic,  but  loeca  this  ]ii-o])ertT 
when  heated  to  350". 

Nickel  Chloride,  NiCl,. — This  compound  is  easily  prfjKired  by 
di.ssiilving  oxide  or  carboiiute  of  nickel  in  hydrochloric  utid.  A 
frecn  solution  is  obtained,  which  funiisbt's  irystJils  of  the  same 
colour  <ont(uniTi<;  water.  When  rendei'ed  anhydrous  by  heat,  the 
chloride  in  yellow,  unless  it  contains  cobalt,  in  which  cose  it  haa 
a  tint  of  green. 
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Nickel  Oxides  and  Ozysalta. — Nickel  forms  two  oxides  analo- 
gous to  the  two  principal  oiddes  of  iron. 

The  monoxide,  NiO,  is  prepared  by  heating  the  nitrate  to  redness, 
or  by  precipitating  a  soluble  nickel  salt  with  caustic  potash,  and 
washing,  drying,  and  igniting  the  apple-green  hydrated  oxide 
thrown  down.  It  is  an  ashy-grey  powder,  fieely  soluble  in  acids, 
which  it  completely  neutralises,  forming  salts  isomorphous  with 
those  of  magnesium  and  the  other  members  of  the  same  group. 
Nickel  salts,  when  hydrated,  have  usually  a  beautiful  emerald-green 
colour  ;  in  the  anhydrous  state  they  are  yellow. 

The  sesquioxide,  NioOg,  is  a  black  insoluble  substance,  prepared  by 
passing  chlorine  through  the  hydrated  monoxide  suspended  in 
water  ;  nickel  chloride  is  then  formed,  and  the  oxygen  of  the  oxid* 
decomposed  is  transferred  to  a  second  portion.  It  is  also  produced 
when  a  salt  of  nickel  is  mixed  with  a  solution  of  bleaching-powder. 
The  sesquioxide  is  decomposed  by  heat,  and  evolves  chlorme  when 
treated  with  hot  hydrochloric  acid. 

Nickel  Sulphate,  NiSO^.THgO. — This  is  the  most  important  of 
the  nickel  salts.  It  forms  ereen  prismatic  crystals,  which  require 
3  parts  of  cold  water  for  solution.  Crystals  with  six  molecules  of 
water  have  also  been  obtained.  It  forms  with  the  sulphates  of 
potassium  and  ammonium  beautiful  double  salts,  NiK2(S04)2.6H^O, 
and  Ni(NH4)„(S04)2.6H20,  isomorphous  with  the  corresponding 
maj^esium  salts. 

When  a  strong  solution  of  oxalic  acid  is  mixed  with  sulphate  of 
nickel,  a  pale  bluish-green  precipitate  of  oxalate  falls  after  some 
time,  very  little  nickel  remaining  m  solution.  The  oxalate  can  thus 
be  obtained  for  preparing  the  metal. 

Nickel  Carbonate,  NiCOj. — When  solutions  of  nickel  sulphate 
or  chloride  and  of  sodium  carbonate  are  mixed,  a  pale-green  precipi- 
tate falls,  which  is  a  combination  of  nickel  carbonate  and  hydrate. 
It  is  readily  decomposed  by  heat. 

Pure  nickel-salts  are  conveniently  prepared  on  the  small  scale 
from  crude  speiss  or  kupfemickel  by  the  following  process  : — The 
mineral  is  broken  into  small  fragments,  mixed  with  from  one-fourth 
to  half  its  weight  of  iron  filings,  and  the  whole  dissolved  in  nitro- 
inuriatic  acid.  The  solution  is  gently  evaporated  to  dryness,  the 
residue  treated  with  boiling  water,  and  the  insoluble  iron  arsenate 
removed  by  a  filter.  The  liquid  is  then  acidulated  with  hydrochloric 
acid,  treated  with  hydrogen  sulphide  in  excess,  which  precipitates 
the  copper,  and,  after  filtration,  boiled  with  a  little  nitric  acid  to 
bring  liack  the  iron  to  the  state  of  sesquioxide.  To  the  cold  and 
largely  diluted  liquid  solution,  acid  sodium  carbonate  is  gradually 
added,  by  which  the  ferric  oxide  may  be  completely  separated  without 
loss  of  nickel-salt  Lastly,  the  filtered  solution,  Doiled  with  sodium 
carbonate  in  excess,  yields  an  abundant  pale  green  precipitate  of 
nickel  carbonate,  from  which  all  the  other  compounds  may  be  pre- 
pared. 

FOWNEa.—YOL.  I.  ^^ 
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:=olutioii,  aii'l  may  be  ]in.'Lii»iiati.-.l  a- 
bariuni  aUo  contained  in  the  Ruluti(.in 
tation  with  sulpliuric  ociiL* 


Nickel-fialt8  are  well  chanu:teri£«<l  b; 

CauMic  alkalis  give  a  juile  apple- 
LoBoluhle  in  excess.  Ammonia  atfoi 
is  soluble  in  excess,  with  deep  purpIL^ 
sodium  carhonateit  j^ive  pale-green  pivci 
a  similar  precipitate,  soluble  in  excess 
ferrocyanide  gives  a  greenish-white  p 
produces  a  green  precipitate,  which 
precipitant  to  an  aml»er-coloured  lie 
addition  of  hydrochloric  acid-  Hy 
change,  if  the  nickel  be  in  comb 
Ammonium  sulphide  produces  a  black 
which  dissijlves  slightly  in  excess  c 
bro^n  colour.  Nickel  sulphide  wher 
in  dilute  hydrochloric  acid;  it  is  solui 
nitric  acid. 


The  chief  use  of  nickel  in  the  arts  i 
alloy,  sometimes  called  Gen  nan  silv 
lOO'parts  of  copper,  16  of  zinc,  and  4C 
malleable,  and  takes  a  high  ijolish. 

Another  application,  of  recent  inl 
deposition  of  nickel  on  iron,  steel,  ro 
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COBALT. 

Atomic  weight,  58 '8.     Symbol,  Co. 

This  snbstance  bears,  in  many  respects,  a  close  resemblance  to 
nickel :  it  is  often  associated  witn  the  latter  in  nature,  and  may  be 
obtained  from  its  compounds  by  similar  means. 

A  cobalt  salt  free  from  nickel  may  be  prepared  by  Rose's  process 
just  described.  The  precipitate,  consistmg  of  cobalt  sesquioxide 
mixed  with  barium  carbonate,  is  boiled  with  hydrochloric  acid  to 
reduce  the  cobalt  sesquioxide  to  monoxide,  and  dissolve  It  as  chloride 
together  with  the  barium.  The  latter  metal  is  then  precipitated  by 
sulphuric  acid,  and  from  the  filtered  liquid  the  cobalt  may  l>e 
precipitated  as  hydrate  by  potash.  A  solution  of  cobalt  free  from 
the  nickel  may  also  be  obtained  by  precipitating  the  mixed  solution 
with  oxalic  acid :  the  whole  of  the  nickel  is  tnereby  precipitated, 
together  with  a  small  portion  of  the  cobalt,  leaving  pure  cobalt  in 
solution. 

Cobalt  is  a  white,  brittle,  very  tenacious  metal,  having  a  specific 
gravity  of  8'6,  and  a  very  high  melting  point.  It  is  unchanged  in 
the  air,  and  but  feebly  attacked  by  dilute  nydrochloric  and  sulphuric 
acids.    It  is  strongly  magnetic. 

Cobalt  forms  two  classes  of  salts,  analogous  in  composition  to  the 
ferrous  and  ferric  salts ;  but  the  cobaltic  salts,  in  which  the  metal  is 
apparently  trivalent,  are  very  unstable. 

Chlorides. — The  dicMoride,  or  (JobcUtatu  MoridSy  CoClj,  is  easily 
prepared  by  dissolving  the  oxide  in  hydrochloric  acid  ;  or  it  may  be 
prepared  directly  from  cohait-glancey  the  native  arsenide,  by  a  process 
exactly  similar  to  that  despribed  in  the  case  of  nickel.  It  forms  a 
deep  rose-red  solution,  which,  when  sufficiently  strong,  deposits 
hydrated  crystals  of  the  same  colour ;  when  the  liquid  is  evaporated 
by  heat  to  a  very  small  bulk,  it  deposits  anhydrous  crystals,  which 
are  blue  :  these  latter  by  contact  with  water  again  dissolve  to  a  red 
liquid.  A  dilute  solution  of  cobalt  chloride  constitutes  the  well- 
known  hhije  symjpaihetic  ink :  characters  written  on  paper  with  this 
liquid  are  invisible,  from  their  paleness  of  colour,  untu  the  salt  has 
been  rendered  anhvdrous  by  exposure  to  heat,  when  the  letters 
appear  blue.  On  laying  it  aside,  moisture  is  absorbed,  and  the 
writing  once  moie  disappears.  Green  sympathetic  ink  is  a  mixture 
of  the  chlorides  of  cobalt  and  nickel. 

The  trichloride,  or  CobcUtic  chloride,  CojCL,  is  obtained  in  solution 
by  dissolving  the  sesquioxide  in  hydrocmoric  acid,  and  in  small 
quantity  by  saturating  a  solution  of  the  dichloride  with  chlorine  gas. 
The  liquid  has  a  dark-brown  colour,  but  easily  decomposes,  giving 
off  chlorine  and  leaving  the  rose-colouied  dichloride. 

Oxides  and  Ozysalts. — Cobalt  forms  two  oxides  analogous  to 
those  of  nickel,  also  two  or  three  of  inteEmj&d^sSu^  <^\s£^jcs6^<^ts^^n^ 
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not  very  well  defined.  The  tnoti<aiiU,  or  tobatUnu  oxid*,  CuO,  is  ■ 
;,ivv  jiuwder,  very  soluble  in  adds,  and  Ib  t  ctnmg  \mae,  aoaaatpbats 
wiih  iiingnraio,  affording  eslts  of  a  fine  red  tint.  It  is  pi«pMn:d  b; 
precipitutiiig  coboltoiiB  sulphate  or  chloride  with  eodiom  csrUnuie, 
and  wushing,  dryiug,  and  igniting  the  predpitate.  When  the 
cciliah    solution   ig   mixed   with   caustic   potA&h.   a   beautifuJ   blue 

Si'tipitate  folia,  wliicli,  when  heated,  becomes  -riolet,  and  «t  length 
rty  rill,  from  absorption  of  oxygen  and  a  duiuge  in   the  elate  nl 
hjilnition. 

Tlif  tapioride,  or  Coballie  oxiiU,  Co,Oj,  is  a,  black,  iasolnblf, 
neutral  powder,  obtained  h^  miiinz  solutions  of  cobalt  and  chloiiilr 
of  lime.     It  dissolves  in  acids,  yieloiog  the  cohaltic  salts. 

C'if'illom-coballic  oxide,  Co,0(,  anBli^;(niB  to  the  maf^netic  oxi^  il 
imn.  is  formed  when  cobdiout  nitrate  or  oxalate,  or  hydniej 
colmliic  oxide,  is  heated  in  contact  with  the  tut.  Accimliiig  to 
Frtuiy,  it  ie  a  salifiable  base. 

Anuther  oxide,  of  acid  character,  is  eaid  to  be  obtained,  in  tht 
form  rif  a  potaatdum  Hit,  by  fneiss  the  monoxide  or  sesquioxide  wnli 
piitiis-iitin  hrdroxide.  A  crystalline  pftlt  in  thnp  formed,  c<:insiiilii>i 
Jhxuiiliu^'  to'S^liWfU-^enbct^,  of  KjO.SCojOj.S in|. 

CoBALTor-s  Sl-lphate,  CoSOj.THjO.— This  sail  forms  red  tryml. 
re<[uiriiig  for  dilution  S4  parts  of  cold  water:  they  are  idrniir-il 
in  fonu  with  those  of  magnesium  sulphate.  It  couibines  with  tl. 
sulphates  of  ijotassiura  and  auuuonium,  forming  double  ealis,  wLi.fc 
contain,  as  usual,  G  molecules  of  water. 

A  solution  of  oxalic  acid  added  to  colmltous  sulphnU-  (X'c4.-ir^u-. 
after  some  time,  the  separation  of  neorly  the  whole  of  the  la^e  i:- 
the  state  of  oxalate. 

CoBALTOUK  Carboxate. — The  alkaline  carlwnates  pro<lucr  m 
solutions  i.f  cobalt  a  pale  i)each-bli)ssoni-coloured  precipitate  of  ctn.- 
bined  carbonate  and  hydnite,  containing  2CoC03.3CoH,Oj  +  aij. 

Ammoniocal  Cobalt  compoimda.— Cobaltous  soltn,  treated  witt 

ammonia  in  a  vessel  proUfi 'ted  troni  the  air,  unite  with  the  ammonu. 
foniiing  compoimds  which  may  be  culled  ammonio-coliailuu- 
salts.  Most  of  tiiem  contain  U  molecules  of  ammonia  to  1  molecul' 
ot  the  eoball-sidt ;  thus  the  chloride  conUins  CoC%.6NHa.i  ;  tht 
nitrate,  Co(X03)jfiXHj.2  aij.  They  are  gencmlly  crj-stal livable,  aoJ 
of  a  rose-colour,  solable  without  decomposition  in  ummonia,  but 
dt'composed  by  water,  with  formation  of  a  basic  salt.  H.  Rose-,  It 
trwiling  dn'  colialt  chloride  with  ammonia  gas,  olitaiiu'd  the  oni- 
poiinri  CoC'lj.4XH3  ;  and  in  like  mamier  an  ammonio-siilphate  hi- 
i>een  formed  containing  C0SO4.6NHJ. 

When  an  ammoniocal  solution  of  cobiilt  is  exposed  to  the  ati. 
oxygen  is  absorbed,  the  liquid  turns  brown,  and  Dew  (vilts  an 
foriued,  containing  a  higheroxidcof  cobalt  (eilherCoj03,orCi>Oj),ai^i: 
therefore  desiguaWA  yij:\u;iaUy  as  pernxidised  amiaonio-cobali 
aalto.     Seveial  oi  liiem,  coMVoiiflXi^,  4aaiasn!J.\«seii,are  ufttoi  fomirif 


OOBAI^.  501 

at  the  same  time.  Most  of  the  peroxidised  ammonio-cobalt  salts  are 
composed  of  cobaltic  salts  united  with  two  or  more  molecules  of 
ammonia.  The  composition  oi  the  normal  salts  may  be  illustrated 
by  the  chlorides,  as  in  the  following  table  : — 

Tetrammonio-cobaltic  chloride,       .  CojCl^ .   4NH3 

Hexommonio-cobaltic  chloride,  .  .  CogCl^ .  6NH3 
Octammonio-cobaltic  (or  fusco-cobaltic) 

chloride, CogCl^.   SNHj 

Decammonio-cobaltic    (roseo-  and    pur- 

pureo-cobaltic)  chloride,  .  .  .  CojClg .  IONH3 
Dodecammonio-cobaltic  (or  luteo-cobaltic) 

chloride, CojCle .  I2NH3 . 

The  formulae  of  the  corresponding  normal  nitrates  are  deduced 
from  the  preceding  by  substituting  NO,  for  CI ;  those  of  the  sul- 
phates, oxalates,  and  other  bibasic  salts,  bv  substituting  SO4,  Cfi^ 
&c.,  for  Clj.  Thus  deca/mmonio-cohaltic  smphate^Coj^SO^^.lOlsa.^, 
There  are  also  several  acid  and  basic  salts  of  the  same  anmionia- 
molecules.  Further,  there  is  a  class  of  salts  containing  the  elements 
of  nitrogen  dioxide  or  nitrosyl,  NO,  in  addition  to  ammonia,  e.g,, 
decammonio-nitroso-cobaltic  or  xa/rUho-cobaUic  oxychloridey  C02CI4O. 
lONH^.N^Og.  Lastly,  Frdmy  has  obtained  ammoniacal  compounds 
(oxycobalhc  salts)  containing  salts  of  cobalt  corresponding  with  the 
aioxide.* 


Cobaltous  salts  have  the  following  characters  : — 
Solution  oivotask  gives  a  blue  precipitate,  changing  by  heat  tp 
violet  and  red.  Am/monia  gives  a  blue  precipitate,  soluble  with 
difficulty  in  excess,  with  brownish-red  colour.  Sodium  carbonate 
forms  a  pink  precipitate.  Ammonium  carbonate,  a  similar  com- 
pound, soluble  in  excess.  Potassiwm  ferrocyanide  gives  a  greyish- 
green  precipitate.  Pota4tsium  cyanide  forms  a  yellowish-brown  pre- 
cipitate, which  dissolves  in  an  excess  of  the  precipitant.  The  clear 
solution,  after  boiling,  may  be  mixed  with  hydrochloric  acid  with- 
out giving  a  precipitate.  Hydrogen  sulphide  produces  no  change,  if 
the  cobalt  is  combined  with  a  strong  acid.  Ammonium  sulphide 
throws  down  black  sulphide  of  cobalt,  insoluble  in  dilute  hydro- 
chloric acid. 

Cobaltic  salts,  formed  by  disssolving  cobaltic  oxide  in  acids, 
give,  with  votash,  a  dark-brown  precipitate  of  hydrated  cobaltic 
oxide  ;  witn  ammonia,  a  ])rowniBh-red  solution;  with  the  faed 
alkaline  carbonates,  a  green  solution,  which  deposits  a  small  quantity 
of  cobaltic  oxide ;  with  amm>oniv/m  sulphide  (after  saturation  of  the 
free  acid  by  ammonia),  a  black  precipitate. 

*  For  the  preparation  and  properties  of  all  these  salts,  see  Watts'i 
Dictionary  of  Chemistry,  vol  i.  lOol.  first  Supplement,  p.  479,  and  second 
Supplement,  p.  363.  Their  rational  formulse  are  similar  to  those  of  the 
ammoniacal  platinum  salts  (p.  612). 
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Till'   siiK^talifO  r;ilU'«l  siii'df,   Usi* 
colninvd  l»y    «'(,]>;ilt  :    il  is  thus  in 
until  ULMily  IVi'l-  Iroiu  jii-sunic,  an< 
l>otjissiuiu  carlM)nate  and  (iuartz-saii 
nickel  that  may  hap^>en  to  l)e  conti 
the  bottom  of  the  crucibli*  as  arsei 
mention  has  already  been  made, 
ffemoved  and  pouTed  into  cold  wat 
powder  and  elutriated.     Cobalt  nltn 
pared  by  mixing  16  parts  of  freshly  i 
of  cobalt  phosphate  or  arsenate  :  ti 
heated  to  redness.    By  daylight  th 
artificial  light  it  is  violet.     A  sim 
colour,  is  formed  by  igniting  zinc  ox 
the  roasted  cobalt  ore  mixed  with  sil 
powder  :  it  is  used  in  enamel  ])ainti 
tions  of  the  oxides  of  cobalt,  maiigau 
a  fine  black  colour  to  glass. 


MANQAK 

Atomic  weighty  55. 

Manganese  is  tolerably  abundant  i 
fonning,  or  entering  into  the  comji 
minerals.  Traces  of  this  substance  ai 
ashes  of  plants. 

Metallic  mnntTJini'So.  or  tu:.t.Ti..txc. 
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the  crucible  is  broken  up,  and  ihe  metallie  button  of  manganese 
extracted. 

Deville  has  lately  prepared  pure  manganese  by  reducing  pure 
manganese  oxide  with  an  insumcient  quantity  of  sugar  charcocu  in 
a  crucible  made  of  caustic  lime.  Thus  prepared,  metallic  man- 
ganese possesses  a  reddish  lustre  like  bismuth  :  it  is  very  hard  and 
brittle,  and,  when  powdered,  decomposes  water,  even  at  the  lowest 
temperature.  Dilute  sulphuric  acid  dissolves  it  with  great  energy, 
evolving  hydrogen.  Brunner  produced  metallic  manganese  from 
man^nese  and  sodium  fluoride  by  means  of  sodium.  The  metal 
obtamed  by  this  process  scratches  glass  and  hardened  steel,  and  has 
a  specific  gravity  ol  7*13. 

Manganese  is  usually  regarded  as  a  metal  of  the  iron  group, 
inasmuch  as  it  forms  a  dichloride  and  trichloride  analogous  to  the 
iron  chlorides,  together  with  oxides  and  other  compounds  of  corre» 
sponding  constitution.  On  the  other  hand,  it  is  said  to  form  a 
heptachloride,  MnCl^,  according  to  which  it  should  be  regarded  as 
a  heptad  ;  and  it  exhibits  the  same  degree  of  quantivalence  in  the 
permanganates  (pp.  267,  507). 

Manganese  Chlorides. — The  dxMoride^  or  Marwanous  dUoride, 
may  be  prepared  in  a  state  of  purity  firom  the  dark  brown  liquid 
residue  of  the  preparation  of  chlorine  from  manganese  dioxide  and 
hydrochloric  acid,  which  often  accumulates  in  the  laboratory  to  a 
considerable  extent  in  the  course  of  investigation  :  from  the  pure 
chloride,  the  carbonate  and  all  the  other  salts  can  be  conveniently 
obtained.  The  liquid  referred  to  consists  chiefly  of  the  mixed  chlo- 
rides of  manganese  and  iron  :  it  is  Altered,  evaporated  to  perfect 
dryness,  and  the  residue  is  slowly  hotted  to  dull  ignition  in  an 
earthen  vessel,  with  constant  stirring.  The  iron  chloride  is  thus 
either  volatilised,  or  converted  by  the  remaining  water  into  insoluble 
sesquioxide,  while  the  manganese  salt  is  unaffected.  On  treating 
the  greyish-looking  powder  thus  obtained  with  water,  the  manganese 
chloride  is  dissolvea  out,  and  may  be  separated  by  titration  &om 
the  iron  oxide.  Should  a  trace  of  the  latter  yet  remain,  it  may  be 
got  rid  of  by  {boiling  the  liquid  for  a  few  minutes  with  a  uttle 
manganese  carbonate.  The  solution  of  the  chloride  has  usually  a 
delicate  pink  colour,  which  becomes  very  manifest  when  the  salt 
is  evaporated  to  drvness.  A  strong  solution  deposits  rose-coloured 
tabular  crystals,  which  contain  4  molecules  of  water ;  they  are  veiy 
soluble  and  deliquescent.  The  chloride  is  fusible  at  a  red-heat,  is 
decomposed  slightly  at  that  temperature  by  contact  with  air,  and 
is  dissolved  by  alcohol,  with  which  it  forms  a  crystallisable  com- 
pound. 

The  tricMoridef  or  Manganic  chloride,  Mn^Cl^,  is  formed  when 
precipitated  manganic  oxide  is  immersed  m  cold  concentrated 
nydrochloric  acid,  the  oxide  then  dissolving  quietly  without 
evolution  of  gas.  Heat  decomposes  the  trichloride  into  dichloride 
and  free  chlorine. 
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HtptaMonde,  UnCl,  (F). — When  potaaaiiuii  permanguiate  is  di»^ 
solved  in  etroug  aulpliuric  acirl,  aod  fused  sodium  chloride  ii  added 
by  simill  portiuns  at  a  tiaie,  a  greenish-yellow  cas  is  given  off,  -which 
(iondim»>eR  at  0°  to  a  greeniBh-browu  liquid.  This  componnd,  when 
eipoBed  to  moiBt  air,  gives  off  fiunes,  coloured  purple  by  peraian- 
l^anic  acid,  and  ia  instantly  decomposed  by  water  into  perniaiiganic  , 
and  hydrochloric  acids.  It  is  ro)^irded  by  Dunuu,  who  discovetnl 
it,  ae  the  heptachloride  of  nuuiganHge  ;  but  H.  BoseKgurdedituan 
raychluride,  MnCI,Oj,  analogous  to  chromic  oxychloride,  a  view  ' 
which  is  in  accordance  with  its  mode  of  formation.  , 

^fiwH(Jejo/7nuTijiane«e  have  been  fonned  analogous  to  each  of  these 
{^lorides. 

Kan^oneae  OxidM  and  Oxyaalta. — Manganese  forms  foQI 
wtll-dthned  oiides,  constituted  as  follows  ; — 

Monoxide,  or  Mnn^anous  oxide,  ....  MaO 
Triij)angano-t«troxide,  or  Manganoso-manganic  oxide,  UiijOf 
Ses([uioxide,  or  Manganic  oxide,  ....  UrjO| 
Dioxide  at  Peroxide,  Kbit^ 

The  firat  is  a  stronji  Imfle,  the  third  a  weak  base ;  the  set'ond  and 
fourth  are  neutral ;  the  second  may  be  regarded  as  a  compound  of 
the  firnt  and  third,  MnO.Mn^Oj.  Thetv  arc  also  severHl  oxid.^ 
intermediate  betyeeatlie  monoxide  and  dioxide,  occurring  as  natural 
minerals  or  ores  of  manganese.  Manganese  likewinc  forms  two  i^rie' 
of  oxygeQ-salts,  called  viamganates  and  perman^iiaUs,  tho  coltipuei- 
tion  of  which  may  be  illustrated  by  the  potassium  salts,  viz.  ; 
Potassiium  nianganale,  .  .  K^MnO,  =  KjO.MiiOj 
Potassium  permanganate,   .         .         K,MujOs  =  KjO.Mii;0;. 

The  oxideti,  MnO^  and  Mn^Oj,  corresponding  with  these  salt'*,  are 
not  knol^■n. 

Moimxidc,  oiMan^iioiia  oxule,  AInO. — When  manganese  carbonate 
is  heated  in  a  stream  of  hydrogen  gaa,  or  vapour  of  water,  carlxin 
dioxide  is  disei^ged,  and  a  greenish  powder  left  behind,  which  is 
the  monoxide.  Prei>aTed  at  a  dull  red  heat  oidy,  tJic  monoxide  i»  bi'' 
prone  to  absorb  oxygen  from  the  air,  that  it  cannot  be  reiuo^t-d  from 
the  tube  without  cluiiige ;  but  when  prepared  at  a  higher  tempera- 
ture, it  appeoTH  more  stable.  This  oxide  is  a  very  putverful  1>a.'«, 
being  tsomorphous  with  magnesia  and  zinc  oxide ;  it  disijolvef 
quietly  in  dilute  acids,  neutralising  them  completely,  and  t'orming 
salts,  which  have  often  a  l)eautilui  pink  colour.  \\  ben  alkalis  are 
addwl  lo  solutions  of  these  comiwunils,  the  while  hydi-atcd  oxide 
tirat  precipitated  speedily  becomes  brown  by  jtotisjng'iitto  n  higher 
state  ot  oxidation. 

Seaqyioxide,  or  Manganic  Ojn'rfe,  Mn^O^. — This  compouitd  occurs  in 
nature  as  braunite,  and  in  the  atjito  of  hydrate  as  vunuianiU:  a 
very  beautiful  crystallised  variety  is  found  at  Ilcfeld,  in  the  Harti. 
It  is  produced  artiticially,  by  exposing  the  hydrate<i  luonfixidc  lo 
the  air,  and  torma  the  \>miii\'(vi\  -^mS.  ot  Uw  residue  left  in  the  iiwn 
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letorfc  when  ozycen  gas  iBjprepaied  by  ezpoaing  the  native  dioxide 
to  a  moderate  i^-heat.  Tlie  colour  of  the  sesquioxide  is  brovni  or 
black,  according  to  its  origin  or  mode  of  preparation.  It  is  a  feeble 
base,  isomorphous  with  alumina  :  for  when  gently  heated  with 
diluted  sulphuric  acid,  it  dissolves  to  a  red  houid,  which,  on  the 
addition  ol  potassium  or  ammonium  sulphate,  deposits  octohedial 
crystals,  havmg  a  constitution  similar  to  that  of  common .  alum  : 
these  are,  however,  decomposed  by  water.  Strong  nitric  acid 
resolves  this  oxide  into  a  mixture  of  monoxide  and  dioxide,  the 
former  dissolving,  and  the  latter  remaining  unaltered  :  while  hot  oil 
of  vitriol  destroys  it  by  forming  manganous  sulphate  and  liberating 
oxygen  gas.  On  heating  it  with  hydrochloric  acid,  chlorine  is 
evolved,  as  with  the  dioxide,  but  in  smaller  amount. 

Dioxide,  MnOj. — Peroxide  of  Mangcmese,  PyrohmU, — The  most 
common  ore  of  maucanese ;  it  is  found  both  massive  and  crystallised. 
It  may  be  obtainea  artificially  in  the  anhydrous  state  by  gently 
calcining  the  nitrate,  or  in  combination  with  water,  by  adding 
solution  of  bleaching  powder  to  a  salt  of  the  monoxide.  Mauganese 
dioxide  has  a  black  colour,  is  insoluble  in  water,  and  refuses  to  unite 
with  acids.  It  is  decomposed  by  hot  hydrochloric  acid  and  by  oil 
of  vitriol  in  the  same  maimer  as  the  sesquioxide.  It  unites  with  the 
stronger  bases,  potash,  lime,  &c.,  forming  salts  called  manganites, 
e,g.,  CaO.MnOj  or  OaMnO^,  which  are  produced  by  precipitating 
a  solution  of  a  manganous  salt  with  the  corresponoing  base  in 

Presence  of  an  oxidising  agent,  such  as  a  stream  of  air  or  oxygen  gas. 
uch  are  the  mangamtes  of  calcium  and  magnesium  formed  in 
Weldon^s  process  for  the  recovery  of  manganese  dioxide  from  waste 
chlorine-bquors  (p.  187).  According  to  Fr^my,*  manganese  dioxide 
likewise  acts  as  a  base,  forming  definite  salts  with  acids,  e,g,,  a 
sulphate,  MnO^-SOs. 

The  proportion  of  real  dioxide  contained  in  a  commercial  sample 
of  the  black  oxide  may  be  determined  as  follows : — 50  grains  of  the 
mineral,  reduced  to  very  fine  powder,  are  put  into  the  little  vessel 
employed  in  the  analysis  of  carbonates  (p.  3521  together  with  about 
hall  an  ounce  of  cold  water,  and  100  grains  of  strong  hydrochloric 
acid ;  50  grains  of  crystallised  oxalic  acid,  CgH^Of,  are  then  added, 
the  cork  carrying  the  drying  tube  is  fitted,  and  tiie  whole  quickly 
weighed  or  counterpoised.  The  application  of  a  gentle  heat  suffices 
to  determine  the  action ;  the  oxahc  acid  is  oxidised  into  water  and 
carbon  dioxide,  which  escapes  as  gas,  while  the  manganese  remains 
in  solution  as  manganous  cnloride  : 

MnO,  +  0^04  +  2HCa  =  MnCl,  +  SHjO  +  2C0,. 

This  equation  shows  that  every  two  molecules  of  carbon  dioxide 
evolved  correspond  with  one  molecule  of  manganese  dioxide  decom- 
posed. Now  the  molecular  weight  of  this  oxide,  87,  \b  so  nearly 
equal  to  twice  that  of  carbon  dioxide,  44,  that  the  loss  of  weight 
suffered  by  the  apparatus  when  tiie  reaction  has  become  complete, 

*  Comptes  Bendiu,  Ixxxii.  1281 ;  Chem.  Soc  Journal,  1877,  i.  52.  ^ 
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and  the  reddual  fta*  ha*  been  driven  otf  by  mommtaiT'  ebnllltimt 
limy  liE^Uken  to  represent  the  quantity  of  r^ilioxi<4e  in  the  SttKnuQii    . 
of  ihe  sample.     The  apparatus  of  WiU   and   Freeenias,  descrihfcl 
at  Tia^'i-  353,  may  alao  be  used  vith  Bdvantoge  in  tbifi  procesK. 

Triiiuxngano-tetroxidt,  or  jUii  mangaitan.  odde,  Mn/J^  or  probablr 
Mii0.iln^<X. — Tliin  oxide  is  also  found  native,  aa  Mnmiannitt,  aai 
is  proilucea  artificially  by  heatiiig  the  dioxide  or  MMKiuioride  to 
wtiiteiieBa,  or  by  expomng  \he  monoxide  or  carbonate  U>  a  red  hai 
in  an  open  Teaeel.  It  is  a  reddieh-brown  substance,  incapable  of 
forming  ealts^  and  acted  npon  by  acids  in  the  same  maimer  as  lie 
two  otli(X  oxides  Alieady  described.  Borax  and  glas  in  tbe  fused 
state  diafolve  it,  and  acquire  the  colonr  nf  the  amethTst 

I'ln^iCTfe,  Mn.O,.H,0  or  Mij0.3MnO,.H,0,  is  a  natural  minewl, 
disoi.ivi-red  bv  Pnillipe  among  certain  specimens  of  man^{anese  ore 
from  Warwickahire  :  it  lia«  aUo  been  founil  at  llefeld  in  the  HarU. 
It  uiiieb  iMembles  the  dioxide,  but  is  harder  and  more  bhUinnt. 
By  II  strong  heat,  vonicite  is  converted  into  red  tudde^  irith  di»- 
eiigugement  of  aqueona  vapour  and  oi^^^eo  gas. 

StveraJ  other  oxides,  intennedi^te  m  composition  batweoi  tte 
montaide  and   liioxide,  also  occur  native  ;   they  are  pmbaMy  mar 

by  the  corresponding  o.vidt'a  of  iron,  cobalt,  and  copper. 

MANQANora  Sulphate.  MnS0^.7H,0  or  MnO.SOj.TH.O.— A 
beautiful  nwe-coloured  and  very  soluble  salt,  isomoqilious  with 
magnesium  sulphate.  It  is  prepared  on  the  large  scnle  for  thi-  u» 
of  the  dyi-r,  by  heating  in  a  close  vetiscl  manj^anese  dioxide  and 
coal,  and  diioiolving  the  impure  monoxide  thus  obtained  in  sulphurii: 
acid,  with  addition  of  a  little  hydrochloric  acid  towards  the  end  of 
the  process.  The  solution  is  evaporated  to  dryness,  and  a^aiii 
exposed  to  a  red  heat,  by  which  ferric  sulphate  is  decoini>ojrtl. 
Water  tlien  disaolves  out  the  pure  manmmese  sulphate,  leaving  ft-rrit 
oxide  bt'hind.  The  salt  is  used  to  produce  a  pennanent  brov.ii  dye, 
the  cloth  steeped  in  the  solution  being  afterwards  passed  throu^'d  a 
solution  of  bleachin},'  powder,  bv  which  the  monoxide  is  changed  Ui 
insoluble  hydrate  of  tlic  dioxide.  Manganous  sulphate  sometime* 
(a'ystaDL'ea  with  5  molecules  of  water.  It  forms  a  double  salt  with 
potassium  sulphate,  containing  MnKo(SO,)j.6Il20. 

Manganods  Carbonate,  MnCO,  or  MnO, CO j.— Prepared  br 
precipilating  the  dichloride  with  an  alkaline  carbonate.  It  i»  an 
insoluble  white  powder,  sometimes  with  a  buff-coloured  tint 
Exposed  to  heat,  it  loses  carbon  dioxide  and  absorbs  oxygi^n. 

Manoasates. — When  an  oxide  of  manganese  is  fused  witli 
potash,  oxygen  is  taken  up  from  the  air,  and  a  deep  green  fnline 
mass  results,  which  contains  jjolowtum  manijanaie,  KjMnO,  or 
K^O.MnOj.  The  addition  of  potassium  nitrate  or  chlorate  facilitate* 
the  reaclion.  Water  dissolves  this  compound  very  readily,  and  tb* 
solution,  concentrated  by  evaporation  m  a  vacuum,  yields  grven 
(systals.     Ba/rwm  ■nuingaiiatt,  Be-M-nO^  ia    formed   in    a   similai 
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manner.    In  these  salte  manganese  is  sexvalent,  like  chromium  in 
the  chromates. 

Permanganates. — When  potassium  manganate,  free  from  any 
great  excess  of  alkali,  is  put  into  a  large  quantity  of  water,  it  is 
resolved  into  hydrated  manganese  dioxide,  which  subsides,  and 
potassium  permanganate,  K2Mn20^  or  KfiMnfij,  which  remains  in 
solution,  K)miing  a  deep  purple  liquid  : 

SKa^^Oi  +  2H2O  =   MnOj  +  KjMnjOg  +  4KH0. 

This  effect  is  accelerated  by  heat.  The  chances  of  colour  accom- 
panying this  decomposition  are  very  remarkable,  and  have  pro- 
cured for  the  manganate  the  name  mineral  chameleon ;  excess  of 
alkali  hinders  the  reaction  in  some  measure,  by  conferring  greater 
stability  on  the  mancanate.  Potassium  permanganate  is  easily 
prepared  on  a  considerable  scale.  Equal  parts  of  very  finely 
powdered  manganese  dioxide  and  potassium  chlorate  are  mixed  with 
rather  more  than  one  part  of  potassium  hydroxide  dissolved  in  a  little 
water,  and  the  whole  is  exposed,  after  evaporation  to  dryness,  to  a 
temperature  just  short  of  ignition.  The  mass  is  treated  with  hot 
water,  the  insoluble  oxide  separated  by  decantation,  and  the  deep- 
purple  li(juid  concentrated  by  heat,  until  crystals  form  upon  its 
surface  :  it  is  then  left  to  cooL  The  crystals  have  a  dark  purple 
colour,  and  are  not  very  soluble  in  cold  water.  The  manganates 
and  permanganates  are  decomposed  by  contact  with  organic  matter  : 
the  n)rmer  are  said  to  be  isomorphous  with  the  sulphates,  and  the 
latter  with  the  perchlorates.  The  green  and  red  disinfecting  agents, 
known  as  Cond/s  fluids,  are  alkaline  manganates  and  per- 
manganates. 

Hydrogen  permanganate,  or  Permanganic  acid,  HsMn^Og,  is  obtained 
by  dissolving  potassium  permanganate  in  hydrogen  sulphate, 
H2SO4,  diluted  with  one  molecule  of  water,  and  distilling  the  sola- 
tion  at  60°-70°.  Permanganic  acid  then  passes  over  in  violet  vapours, 
and  condenses  to  a  greenish-black  liquid,  which  has  a  metallic 
lustre,  absorbs  moisture  ^edilv  from  the  air,  and  acts  as  a  most 
powerful  oxidising  agent,  instantly  setting  fire  to  paper  and  to  alcohoL 
In  this  acid  and  its  salts  the  manganese  is  septivalent  (p.  267). 

Manganous  salts  are  very  easily  distinguished  by  reagents.  The 
fixed  caiutic  alkalis  and  ammonia  give  white  precipitates^  insoluble 
in  excess,  quickly  becoming  brown.  The  carbonates  of  the  fixed  alkalis 
and  carbonate  of  cmmwrvia  give  white  precipitates,  but  little  subject 
to  change,  and  insoluble  in  excess  of  carbonate  of  ammonia.  Hydrogen 
sulphide  gives  no  precipitate,  but  a/mnnonvam  sulphide  throws  down 
insoluble  flesh-colourea  sulphide  of  manganese,  which  is  very  char- 
acteristic.   Potassium  ferrocyanide  nves  a  white  precipitate. 

Manganese  is  also  easily  detected  by  the  blowpipe :  it  gives  with 
borax  an  amethyst-coloured  bead  in  tlie  outer  or  oxidising  flame,  and 
a  colourless  one  in  the  inner  flame.  Heated  upon  platinum  foil  with 
aodiom  carbonate,  it  yields  a  green  mass  of  soaium  manganate. 
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Atomic  weight,  lOZ*  Symbol,  Pt 
PLATixmi,  palkdium,  rhodium,  iridium,  rutbeniuin,  and  oanuimi,  I 
form  a  group  (if  metala,  allied  in  some  cases  by  propettiea  in  com-  j 
mon,  and  etui  more  closely  bj  their  naturtd  aHaocialion.  Crudt  pla-  1 
tinum,  a  mitive  alloy  of  ]>latuiiuii,  palkdinm,  rhodium,  iriiliDm,  and  l| 
a  little  inrn,  occurs  in  grains  and  rolled  masses,  eiometinua  of 
tolerablT  large  diiDonBJoiiB,  mixed  with  gravel  and  traiiapoited  ^ 
ni&Icriale,  on  the  slope  of  the  Ural  Mounbuna  in  Rusaia,  dao  in  \ 
Brazil,  Ceykii^  and  a  few  other  places.  It  has  never  been  seen  is  » 
the  rock,  which,  however,  it  judged  from  the  accoinpanjing  I 
materials  to  have  l«j«n  s(.'r[jenti[ii'..  It  w.  staled  to  U-  al«a_v^'  pivz*iit 
in  small  iiuantitiea  with  native  silver. 

From  this  mibi'tance  pLitinum  ia  prepared  by  the  following  pro- 
cess : — The  crude  metal  is  acted  upon  as  far  as  pos.-iibIe  by  nitro- 
muriatic  acid  containing  an  excess  of  hydrocliloric  acid  and  slightly 
diluted  with  water,  In  order  to  dissolve  as  siiinll  a  (juantity  of 
iridium  as  possible  :  to  the  deep  yellowish  tfd  and  highly  acid  solu- 
tion thus  proilucetl,  sul-ammoniac  is  adileil,  by  which  nearly  the 
whole  of  the  platinum  ia  thrown  down  in  the  state  of  ainmoniuni 

51atin<ichloiide.  This  substance,  washed  with  a  little  cold  water, 
rieil,  and  heated  to  redness,  leaves  metallic  platinum  in  the  sptiDKy 
Mlate.  Tills  metal  cannot  be  fused  into  a  compact  mass  hy  ordinary 
furnace-heat,  but  the  aame  oliject  may  be  acci)mplisheil  by  taking 
advanti^'e  of  its  pnijterty  of  welding,  like  iron,  at  n  high  temperature. 
The  spongy  platinum  is  made  into  a  thin  unilbtm  juiste  with  water. 
introduced  into  a  slightly  conical  mould  of  brass,  and  subjecletl  to  a 
grailuated  pressiirc,  by  which  the  water  is  suuec/ecl  out,  and  the 
mass  rendefcd  at  leiigtli  suthcicntly  aolid  tii  bear  hnndliii^'.  It  is 
then  dried,  very  caiviully  heated  to  whiteness,  and  baniuii^reil,  or 
subjected  to  powerful  preKSure.  If  this  operation  is  pro]KTly  con- 
ducted, the  i)latinum  will  tlien  lie  in  a  state  to  War  forging  into  a 
bar,  whiuli  can  allerwunis  lie  rolled  into  plates,  or  dr.imi  into  wire 
at  pleasure. 

A  method  of  rcfiuing  platinum  has  lately  l>een  devised  bv 
Deville  and  Debray.  It  con-'ists  in  submitting  the  crude  metal  to 
the  action  of  an  intenselv  high  temperature  in  a  crucible  of  lime. 
The  apparatus  they  employ  is  as  follows  : — The  lower  jiart  of  the 
furnace  conaiats  of  a  i)iece  of  lime,  hollowed  out  in  the  centre  to  the 
depth  of  abonl  a  imarter  ol  an  inch  ;  a  small  n'lteh  is  iiled  at  one 
side  of  this  ba8Vn,uiiovij\i'H\i\0!\'Cw;"(a«»l.U\ntrodiiced  and  pourtd 
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out.  A  cover  made  of  another  piece  of  lime  fits  on  the  top  of  this 
basin ;  it  is  sJso  hollowed  to  a  small  extent,  and  has  a  conical  perfora- 
tion at  the  top,  into  which  is  inserted  the  nozzle  of  an  oxy-hydro^en 
blowpipe,  'rtie  whole  arrangement  is  firmly  bound  with  iron  wire. 
To  use  the  apparatus,  the  stopcock  supplying  the  hydrogen  ^or  coal 
gas)  is  open^  and  the  gas  lighted  at  the  notch  in  the  crucible :  the 
(»cygen  is  then  graduially  supplied ;  aud  when  the  furnace  is 
sufficiently  hot^  the  metal  is  introduced  in  small  nieces  through  the 
orifice.  BV  this  arrangement  as  much  as  50  ^unds  of  platinum  and 
more  may  be  fused  at  once.  All  the  impurities  in  the  platinum,  ex- 
cept the  iridium  and  rhodium,  are  separated  in  this  manner  :  the 
gold  and  palladium  are  volatilised;  the  sulphur,  phosphorus, 
arsenic,  ana  osmium  oxidised  and  volatilised ;  and  the  iron  and 
copper  oxidised  and  absorbed  by  the  lime  of  the  cruci])le. 

rlatinum  is  a  little  whiter  than  iron  :  it  is  exceedingly  malleable 
and  ductile,  both  hot  and  cold,  and  is  very  infusible,  melting  only 
before  the  oxy-hydrogen  blowpipe,  or  in  the  powerful  blast  fumaoe 
just  described.  It  is  the  heaviest  substance  known,  its  specific 
gravity  being  21*5.  Neither  air,  moisture,  nor  the  ordinary  acids 
attack  platinum  in  the  slightest  degree  at  any  temperature :  hence 
its  great  value  in  the  construction  of  chemical  vessels.  It  is 
dissolved  by  nitro-muriatic  acid,  and  superficially  oxidised  by  fused 
potassium  hydroxide,  which  enters  into  combination  with  the  oxide. 

The  remarkable  property  of  the  spongy  metal  to  determine  the 
union  of  oxygen  and  hydrogen  has  oeen  already  noticed.  There  is 
a  still  more  curious  state  in  which  platinum  can  be  obtained — that 
of  platinumr-hlacky  in  which  the  division  is  carried  much  further. 
It  is  easily  prepared  by  boiling  a  solution  of  platinic  chloride  to 
which  an  excess  of  sodium  carbonate  and  a  quantity  of  sugar  have 
been  added,  until  the  precipitate  formed  after  a  little  tlqie  becomes 
perfectly  black,  and  tne  supernatant  liquid  colourless.  The  blacl; 
powder  is  collected  on  a  filter,  washed,  and  dried  by  gentle  heat. 
This  substance  appears  to  possess  the  property  of  condensing  gases, 
more  especially  oxygen,  into  its  pores  to  a  very  great  extent :  when 
placed  in  contact  with  a  solution  of  formic  acid,  it  converts 
the  latter,  with  copious  effervescence,  into  carbonic  acid  ;  alcohol, 
dropped  upon  the  platinum-black,  becomes  changed  by  oxidation  to 
acetic  acid,  the  rise  of  temperature  being  often  sufficiently  great  to 
cause  inflammation.  When  'exposed  to  a  red  heat,  the  black 
substance  shrinks  in  volume,  assumes  the  ap]>earance  of  common 

rngy  platinum,  and  loses  these  peculiarities,  which  are  no  doubt 
result  of  its  excessively  comminuted  state. 
Platinum   forms  two    series  of   compounds  :    the    platinous 
compounds,  in  which  it  is  bivalent,  e.g.,  PtCl^  PtO,  and  the 
platinic  compounds,  in  which  it  is  quadrivalent,  e.g.,  PtClf, 
PtOj,  &c. 

Chlorides. — ^The  diehloride,  or  PkUinous  chloride,  PtCl^  is  pro- 
duced when  platinic  chloiidey  dried  and  powdered,  is  exposed  left 


V » » .-ni>,  iniiiainiiii;,  ii 

(•<»Tn'S]M»lulili^'     XMliiilU     I'dllljinlliul 

In  crvslulliH'.  Tln'M.'  dniilik'  salts 
rJiJornpltUiintf-'i.  PhitiiKiiis  clilorit 
chlorine  and  nietiillic  ])lutinnni. 

ii  Platinourt  chloride  unites  with  • 

I  three  com])oun(ls 

^  ClaPt-CO ,        Cl8Pt<   I 

^uo 

all  of  which  are  produced  by  heating 
of  carbon  monoxide.    The   first  ai 
I;  needles,  the  second  in  white  needles. 

i  Platinous  chloride  also  unites  with 

5  ing  phospho-platinic  chloride,  ( 

•  hy  heatinc  spongy  platinum  with  i)h( 

It  crystallises  in  maroon-coloured  nei 
heated  with  excess  of  phosphorus  tri 

diphosphoplatinic  chloride,  Cl^l 

yellow  crystals,  melting  at  160°.  Tlie 
by  water — the  latter  on  exposure  t< 
temperature — into  phosphoplatini 

acids,  ClgPti^PCOH),  and  CLjR<^  j 

tribasic,  the  latter  sexbasic 

PUUinum  tetrarhioruU.,  or  Platinic  a 
when  platininn   i»  j:-^,.!-  -> 
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Beat.  It  is  easily  leduced  by  hydrogen  at  a  high  tempeiatuxe, 
Yielding  a  mixture  of  potasaium  chloride  and  platinnm-black:  the 
latter  substance  may  thus,  indeed,  be  very  easily  prepared.  The 
mdium  salt,  2NaCLFtCl4,6HjO,  is  very  soluble,  crystallising  in 
large,  transparent,  yellow-red  prisms  of  great  beauty.  The 
ammonium  iolt^  SNHfCLPtClf,  is  undistinguishable,  in  physical 
characters,  &om  the  potassium-salt :  it  is  thrown  down  as  a 
precipitate  of  small^  transparent,  yellow,  octohedral  crystals  when 
sal-ammoniac  is  mixed  with  platinic  chloride ;  it  is  but  feebly 
soluble  in  water,  still  less  so  in  dilute  alcohol,  and  is  decomposed 
by  heat,  yielding  spongy  platinum,  while  sal-ammoniac,  hydro- 
coloric  acid,  and  nitrogen  are  driven  ofL  Platinic  chloride  also 
forms  crystallisable  dom)le  salts  with  the  hydrochlorides  of  many 
organic  bases;  with  ethylamine,  for  example,  the  compound, 
2[NHj(C8H5).HaiPta4. 

The  bromides  and  iodides  ofplatimimaxe  analogous  in  composition 
to  the  chlorides,  and  likewise  form  double  salts  with  alkaline 
bromides  and  iodides.  ' 

Oxides. — The  monoxide,  or  PUUinous  oxide,  PtO,  is  obtained  by 
digesting  the  dichloride  with  caustic  potash,  as  a  black  powder, 
soluble  in  excess  of  alkali  It  dissolves  also  in  acids  with  brown 
colour,  and  the  solutions  are  not  precipitated  by  sal-ammoniac. 
When  platinum  dioxide  is  heated  with  solution  of  oxalic  acid,  it  is 
reducea  to  monoxide,  which  remains  dissolved.  The  liquid  has  a 
dark  blue  colour,  and  deposits  fine  copper-red  needles  of^  platinous 
oxalate. 

The  dioxide,  or  Platinic  oxide,  PtO^  is  best  prepared  by  adding 
barium  nitrate  to  a  solution  of  platimc  sulphate;  barium  sulphate 
and  platinic  nitrate  are  then  pr(xluced,  and  from  the  latter  caustic 
soda  precipitates  one-half  of  the  platinum  as  pkUinic  hydrate.  The 
sulphate  is  itself  obtained  by  acting  with  strong  nitric  acid  upon 
platinum  bisulphide,  which  &lls  as  a  black  powder  when  a  solution 
of  the  tetrachloride  is  dropped  into  potassium  sulphide.  Platinic 
hydrate  is  a  bulky  brown  powder,  which,  when  gently  heated, 
becomes  black  and  anhydrous.  It  may  also  be  formed  by  boiling 
platinic  chloride  with  a  great  excess  of  caustic  soda,  and  then  adding 
acetic  add.  It  dissolves  in  acids,  and  combines  with  bases  :  the 
salts  have  a  yellow  or  red  tint,  and  a  great  disposition  to  unite  with 
salts  of  the  alkalis  and  alkaline  earuis,  giving  rise  to  a  series  of 
double  compounds,  which  are  not  precipitated  by  excess  of  alkalL 
A  combioation  of  platinic  oxide  with  ammonia  exists,  which  ia 
explosive.  Both  oxides  of  platinum  are  reduced  to  the  metallic  state 
by  ignition. 

Sulphides. — The  compounds,  PtS  and  PtS,,  are  produced  by  the 
action  of  hydrogen  sulphide,  or  tiie  hydrosulphide  or  an  alkali-metal, 
on  the  dicnloride  and  tetrachloride  of  jplatinum  respectively  ;  they 
are  both  black  substances,  insoluble  in  water.    Platinic  sulphidfe 
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henli-<l  in  a  clone  vessel  i^ree  off  half  itii  Bulphur,  (ind  in  rednceil  to 
jilatititiUB  Bulphide,  It  diatolves  in  alkaline  hyilrates,  carl>nn&teR, 
and  pulphideB,  forming  units  called  lulfAoplalinaia,  which  on 
dcconijioeed  bj  acids. 

Ammnniacal  Platinum  Compoundi.— The  chlorides,  o 
giiltjluites,  &C.,  of  platinuia  are  capalile  of  Uldng  up  two  or 
mok'ciilEB  of  animonia,  and   forming  compounds  analogous  in  manyrl 
respects  to  the  ammoniatial  mercnry  compounds  already  dt^acribe^  ^ 

Tlie  iiitroccn  iu  all  these  compounds  la  quinquivalent,  and  co^ 
BWjiientlj  the  puuM  ammonia,  NHj,  and  diammonia  N^^  0 
NH3 — NH,  or  NH,(NH,),  are  bivalent,  bBTing  two  fi-ee  comuiniq 

The  platinum  in  some  of  these  compounds  is  bivalent  Iplatiolt 
pUiltiso),  and  nuiteB  bv  two  of  its  combining  units  with  the.  oiTal  "" 
groups  NH,  or  Njd^,  each  of  which  retains  one  combiniiig  n 
free.  In  others  the  platinum  is  quadriralent  (plotitw),  ar  '  — 
by  some  of  its  combining  unite  with  ammonia  or  dianu: 
remaining  units  being  satisfied  by  combination  with  electro-negatirt 
laditk's.  In  olbc-rn,  acain,  llic  pliitimini  nci'iininliili'^  in  <U'h 
a  manner  as  to  fonn  compounds  containing  (Pto)',  (Pf— Pl">", 
(R"— Pt"— Pf— Pt")',  &C.  Tlie  bivalent  groups,  Nil,,  N.H„.  always 
go  by  pairs,  e\cc]itiiig  in  the  semi-diauimoniums,  in  which  haU  or  a 
quarter  of  the  combinii^  unita  of  the  platiuum  is  satisfied   by  once 

Tlie  names  and  constitution  of  the  several  prnups  are  given  in  the 
following  table,  tlie  symbol  R  denoting  a  uuivalent  chlorous  radiilr. 
such  as  CI,  NOj  &e. 


1.  Platosammoniiira  compounds,  ^*'Cnh^R 

2.  Platostimiaiammonium  compounds,  Pi<;^^Hj(XH,)R 

3.  Platiimonodiammonium  compounilH,  Pt^i-u^j^ ''<)^ 

4.  Pkto-odummunium  compounds,  ^'CxH'fNH'lR 

5.  Platinammnnium  compounds,  ^s^^N'IMi 

6.  Platiuogemuhammonium  compounds,  EjPt<^^^i(^'H4)K 

7.  PlatinomonoAwuivTaoD'vain.wjm^uada,  R^Pt^^JJ^l?"^*^^ 
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8.  Platinodiammoiiium  compounds^ 


9.  DiplatinamTnoninm  compounds, 


10.  Diplatosodiammonium  compounds, 


11.  Diplatinodiammonium  compounds, 


12.  Diplatinotetradiammonium  compounds, 


Pt— NH^HJR 
Pt— NH/NHJR 
R,Pt-NH,(NH4)R 
Il,Pt— NH,(NHJR 


We  shall  here  describe  the  most  characteristic  compounds  of  each 
group,  referring  for  more  complete  description  to  larger  works.* 

1.  Platosammonium  Compounds, — ^These  compounds  are 
formed  by  abstraction  of  the  elements  of  ammonia,  NHs,m>m  the  cor- 
responding platosodiammonium-compounds.  They  are  for  the  most 
part  insoluble  in  water,  but  dissolve  in  ammonia,  reproducing  the 
platosodiammonium-compounds.    They  detonate  when  heated. 

The  chloride,  Pt^^H  CI  ®'  NjHjPtClj,  is  formed  by  heating 

platosodiammunium  chloride  to  220^>270^  or  by  heating  the  same 
salt  with  hydrochloric  acid,  or  by  boiling  the  green  salt  of  Magnus 
(p.  515)  with  nitrate  or  sulphate  of  ammonium,  and  is  deposited  as 
a  yellow  crystalline  powder,  or  in  rhombohedral  scales.  It  dis- 
solves in  4472  parts  of  water  at  0°  and  in  130  paHs  of  boiling  water. 
At  270^  it  decomposes  in  the  manner  represented  by  the  equation, 

aNjH^jPtCl,  =  3Pt  +  4NH4CI  +  2Ha  +  Nj. 

Silver  nitrate  added  to  its  solution  throws  down  all  the  chlorine. 
This  salt  is  isomeric  with  the  ffreen  salt  of  Magnus,  with  the  yellow 
chloride  of  platosemidiammonium,  and  with  the  chloroplatinite  of 
platosomonodiammonium. 

The  corresponding  iodide,  NgH^Ptl-,  is  a  yellow  powder,  obtained 
b^  heating  tne  aqueous  solution  of  the  compound,  NfHilPtlj.  It 
dissolves  in  ammonia,  reproducing  the  latter  compound.    The  oxtde, 

*  See  Watts's  Dictionary  of  Chemistry,  iv.  678,  and  2d  SuppL  9d2. 
FOWN£S. — VOL.  I.  'i*^ 
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NjHjPtO,  obtained  by  beating  platosodiammoninm  oxide  (p.  616)  to 
11(1'',  is  B  greyish  moae,  which,  wheti  heated  to  100?  in  a  i^om  ve«M'l, 
vivn  iiir  water,  atnmoitia,  and  tdtro^UTi,  and  leaver  metallic  pLitinnm. 
The  hydromdt,  NjHnPt-(HO)j,  obtained  hydecorapoaing  the  sulphate 
wil.h  liaiyta-water,  is  n  etrong  base,  soluble  in  water,  liaving  an 
alkaline  reactiun,  nbeorbinc  carbonic  acid  frrim  the  air,  and  libeivtine 
ainnmtiia  from  its  aalU  fOdling).  The  tiUakate,  N,HoPlSO,.H,CS 
and  ibp  nitrate,  N,H,Pt(NOg)|,  are  obtained  by  boiling  the  iodide 
with  sulphate  and  nitrate  at  silver  ;  they  ore  crystiiUine,  and 
huvi'  II  fltron);  acid  reaction.  The  sulphate  tetains  a  molecule  of 
cry^'tullisatiou-n'ater,  which  cannot  be  removed  without  decompoaiiif! 

tlio  »lllt. 

3.  Platoioieviidiammonium  Oompoundi.  —  Theee 
jiomidH,  iaomerid  with  the  preceding,  are  formed  by  direct  ai 
of  amiunnia  to  platinous  Bolta.  The  Moridi,  Pt^'^f**'*^ 
taini'il  by  adding  ammonia  to  &  cold  solution  of  platinous  chloride'— 
liydrochlodc  ocid,  flitaring  after  24  houn,  lund  treating  the  f«llowiifc 
preen  residne  with  boiling  water,  whieh  diBBolvH  the  platoemidiim- 
inoniiiin  silt,  and  leaves  the  ffreeii  salt  if  Majroni'  formed  at  Ihf 
BBni^  time.  ThL'  m.lnlii.iL  im  [uclin-  depwits  ^h\■  Tibilo,.n-i...ii,li,iTii- 
ln')uiiiiii  eblnridc  in  small  prisniii,  iliifering  in  fi>rni  front  the  chloridr 
above  desi^ribed,  and  much  more  soluble  in  water,  requiring  for  solu- 
tion 387  JinrtB  of  eolil  niiil  26  parta  of  boiling  wntiT.  The  .tthtr 
saltd  of  this  base  arc  obtained  by  decomposing  the  chloride  with  ihr 
corresponding  silver  nalta.  The  bromiik  and  iodiiie  crystallise  in 
vellow  needles;  the  nitriU  in  silky  needles,  which  detonate  when 
ncated ;  the  nitrate  and  iiUpkate  form  yellowish  crystaltint!  crusts. 

3.  Ptntoiomonodiammonium  Compoiind$,  P'^vt?^  — 
The  d,lm«plaliull'  of  this  wries,  aNjII.PtOI^PtCl,,  formed  in^niall 
nuantily  on  adding  ammonia  to  a  Bulution  of  iilatinous  chloriiie, 
crvstallises  in  bmwn  si|uare  laminie,  slightly  soluble  in  cold,  niorr 
soluble  in  boiling  water.  Treated  with  silver  nitmte  it  is  convertnl 
into  pbilosiiiiionndiEunnionium  nitrate,  and  this,  when  heated  with 
hydriH-hloric  acid,  yields  tlie  corresponding  chloride,  N3H0P1CU. 
Wliich  is  very  soliible,  and  crystaUises  in  coU.iirless  needles,  t'r 
nacreous  scales. 

4.  PlatoxodiammBnium  Compounds,  Pt<^>-*H^p  ■  — Tlic 
ehloriik,  NjHijPtL'l;,  one  of  the  earliest  discovered  i<(  the  ainmonin- 
cal  platiiiiiiit  I'onijHiundit,  is  obtained  by  the  action  of  ammonia  on 
the  gri'en  unit  of  Magnus,  or  on  the  chloride  of  platoaaniiuoniuiu. 
When  pitttiiious  chloride  is  Ixiiled  with  excess  of  aminoniik,  till  the 
gn'cn  precipitate  formed  in  the  Rrtt  instance  is  reilissolved,  a  solu- 
tion is  obtained,  which,  when  filtered  and  evaporated,  vields  the 
chloridn  of  ]ilnloHo<iinmmouiui!i  in  splendid  yellow  crystals  tontain- 
ing  one  molecwlu  of  water,  which  thev  give  off  at  110°,  li 
id  soluble  in  water,  otv4  \\a  M^M^\^ni  Buxei  with  pktinoua  chlori'l* 
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yields  platosodiammonium  chloroplatinite,  N^Hi^PtCL.PtCl^  isomeric 
with  platosammonium  chloride,  and  constituting  tne  green  salt  of 
Magnus,  the  first  discovered  of  the  ammonia-platinum  compounds. 
This  last  salt  may  also  be  prepared  by  passing  sulphurous  acid  gas 
into  a  boiling  solution  of  platinic  chloriae,  till  it  is  completely  con- 
verted into  piatinous  chloride  (and  is  therefore  no  longer  precipitated 
by  sal-ammoniac),  and  neutralising  the  solution  with  ammonia.  It 
forms  dark  green  needles,  insoluMe  in  water,  alcohol,  and  hydro- 
chloric acid. 

The  bromide  and  iodide  of  this  series  are  obtained  bv  treating  the 
solution  of  the  sulphate  with  bromide  or  iodide  of  barium :  they 
crystallise  in  cubes.  The  oxide,  N4Hi2PtO,  is  obtained  as  a 
crystalline  mass  by  decomposing  the  solution  of  the  sulphate  with 
an  eq^uivalent  quantity  of  baryta-water,  and  evaporating  the  filtrate 
in  a  vacuum.  It  is  strongly  alkaline  and  caustic,  like  potash, 
absorbs  carbonic  acid  rapioiy  from  the  air,  and  precipitates  silver 
oxide  from  the  solution  of  the  nitrate.  It  is  a  strong  base,  neutral- 
ising acids  completely,  and  expelling  ammonia  from  its  salts.  It 
melts  at  110°,  giving  off  water  and  ammonia,  and  leaving  platos- 
ammonium oxide.  Its  aqueous  solution  does  not  give  off  ammonia, 
even  when  boiled.  The  oxide  absorbs  carbon  dioxide  rapidly 
from  the  air,  forming  first  a  neutral  carbonate,  N4lL«PtC03.H20, 
and  afterwards  an  acid  salt,  N4H.jPtCO3.H2CO..  The  smphate^ 
N4Hi2PtSO.,  and  the  nitrate,  N4Hi2Pt(N03)2,  are  obtained  by  decom- 
posing the  chloride  with  silver  sulphate  or  nitrate ;  they  are  neutral, 
and  crystallise  easily. 

6.     Platinammonium      Compound  s, — The     chloride, 

>xNH  CI 
CljPt^i^TT^pi ,  is  obtained  by  the  action  of  chlorine  on  platos- 
ammonium chloride  suspended  in  boiling  water.  It  is  a  lemon- 
yellow  crystalline  powder,  made  up  of  quadratic  octohedrons  with 
truncated  summits.  It  is  insoluble  in  cold  water,  very  slightly 
soluble  in  boiling  water,  or  in  water  containing  hydrochloric  acia. 
It  dissolves  in  ammonia  at  a  boiling  heat,  and  the  solution,  on 
cooling,  deposits  a  yellow  precipitate,  consisting  of  platinodiam- 
moiiium  chloride.  It  dissolves  in  boiling  potash  without  evolving 
ammonia. 

Nitrates. — An  oxynitrate,  N,HgPt(N03)20,  is  obtained  by  boiling 
the  chloride,  N2H^PtCl4,  for  several  hours  with  a  dilute  solution  of 
silver  nitrate.  It  is  a  yellow  crystalline  powder,  sparingly  soluble  in 
cold,  more  soluble  in  boiling  water.  The  normal  nitrate,  NjHgPt 
(N03)4,  is  obtained  by  dissolving  the  oxynitrate  in  nitric  acid :  it  is 
yellowish,  insoluble  in  cold  water,  soluble  in  hot  nitric  acid. 

The  ojcide,  NjjHjPtO^,  is  obtained  by  adding  ammonia  to  a  boiling 
solution  of  platinammonium  nitrate  ;  it  is  then  precipitated  in  the 
form  of  a  heavy,  yellowish,  crystalline  powder,  composed  of  small 
shining  rhomboiaal  prisms ;  it  is  nearly  insoluble  in  boiling  water, 
aad  resists  the  action  of  boiling  potash.  Heated  in  a  close  vessel,  it 
gives  off  water  and  ammonia,  and  leaves  metallic  platiaosoL.    \^.  ^^ 


■ 


eiinmreil  powvivr,  whicli  ilc-timali 
but  strntiglv  wliun  exjiofieil  to  n  h 

the  pieceding.  The  chioride,  C 
Action  of  cblorine  on  pUtososemii 
in  jellow  iii-aided  pl&tCB  beloi^ 
green  at  100°,  ind  dissolving 
ammonia.  A  hatienUraU,  (OH)^ 
amorphous  fellow  precipitate  by 
nitrate.  A  efcfonmtfrate,  Cl,Pt^j 
of  chlorine  on  platososemidisnuno. 
yellow  needlea. 

7.  Platinomonodiammoniv,: 
CljPt^JJ^^ ,  fonned  by  the  act 
■omonodianunouiiun  chloride,  cryt 
plates.  A  hnmonitraU,  BrjPt^ 
adding  bromine  to  the  nitrate  of 
yellow  soluble  cruets. 

8.  Plattnodiantmontum  ( 
PtCl,^JJ»g«^ ,  is  obtained  by  ps 
of  plHtoaodiammoniuni  chloride  ; 
chloride  in  ammonia,  and  eipell 
evaporation  ;  or  by  precipitating  i 
oxynitrote,  or  nitrato-chloriilp.  wit' 
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cfUorid$y  Cy*t  ^ v*h!^  ^^4 »  formed  by  the  action  of  milplmric  acid 

on  the  chloride,  cirstallises  in  slender  transparent  needles.  An 
amlochloride,  Cl2Pt(lN  2^6);^8^4)  obtained  by  treating  the  chloride 
with  ammonium  oxalate,  is  a  veiy  soluble  ciystaUine  powder. 

IPt(NH3l), 
9.       Diplatinammonium      Iodide,      I  ,    or 

li>t(NHsI)2 
l2(Pt^*^(NH3l)4 ,  the  only  term  of  this  series  at  present  known, 

is  obtained  by  treating  platosammonium  iodide  with  boiling  potash, 

and  the  resulting  yellow  powder  with  hydriodic  acid.    It  is  a  black 

amorphous  substance,  which  when  agam  treated  with  potash  and 

hydriodic  acid  yields  the  compound  I,(Pt4)"(NH3l)8,  and  t^is  by 

similar  treatment  may  be  converted  into  the  still  more  condensed 

compound  l8(Pt8)"*'"( 


ay  De  co: 


10.  Diplatosodiammonium    Compounds,  —  The  hydroxide, 
Pt— NjHj— OH 

I  ,   formed    by   the  action  of  caustic  soda  on  the 

Pt^NjHfl— OH 

chloride  of  platososemidiammonium,  is  a  greyish  crystalline  in- 
soluble powder,  which  detonates  violently  when  heated.  Treated 
with  hyorochloric  acid,  it  yields  a  yellow  powder,  which  is  converted 
by  boiling  water  into  the  ckloridey  ^.(NaH^Cl)^. 

CyPt-NHj— NH, 

11.  Diplatinodiammonium  Chloride,         I  , 

(Vt-NH,— NH, 
is  a  yellow  amorphous  powder  formed  by  the  action  of  nitromuriatic 
acid  on  the  hydrate  of  the  preceding  series. 

12.  Diplatino  -  tetradiammonium      Comjpounds, 
BPt(N^tf),     ^^  „      .„        ,  .Pt(N^NO,), 

or  NoH«4Pt.Kg .    An  oxynttrate,  0< 
Rk(N-HJl),  ^A(N^N03), 

or  'Sfi^jJhJ^J^O^fi,  is  produced  by  boding  platosodlammonium 
nitrate  with  nitric  acid.  It  is  a  colourless,  crystalline,  detonating 
salt,  slightly  soluble  in  cold  water,  more  soluble  in  boiling 
water,  insoluble  in  nitric  acid  (G^hardt).  A  nitratoxychloride, 
NgHj4Pt2(N03)40CL,  discovered  by  Raewsky,  is  formed  when 
Magnus's  green  salt  b  boiled  with  a  large  excess  of  nitric  acid. 
Bea  fumes  are  then  evolved,  and  the  resulting  solution  deposits  the 
nitrat-oxychloride  in  small  brilliant  needles,  which  deflagrate  when 
heated,  givins  off  water  and  sal-ammoniac,  and  leaving  metallic 
platinum.  The  nitric  acid  in  this  salt  may  be  replaced  by  an 
equivalent  quantity  of  carbonic  or  oxalic  acid,  yielding  the  com- 
pounds, NgHa^PtjrCOp-OCl^  and  H^Al^Fi^CoO^fiC^,  both  of 
which  are  crystailisable,  and  sparingly  soluble.  A  banc  oxdUh 
nitrcUe,  ^sH^rt^CJd^Ci^O^iO,  insoluble  in  water,  is  obtained  by 
adding  ammonium  oxalate  to  the  oxynitrote. 


I'ktiiiir  diUiri,lu  ami  s^iihuiii 
analytical  iiivi'stifpitions  to  i\vW 
seiiiiinte  it  from  soJiiini.  ¥ot  III. 
an  converted  into  chlorides,  anil 
their  weight  of  sodium  platinochl 
di^lved  in  a  little  watec.  Whei 
ap^n  complete,  alcohol  ia  adde 
weighed  filter,  washed  with  w 
weighed.  The  potaasium  chlorid 
weight  of  the  double  salt ;  and  t 
tiie  mixed  chlorides  employed,  ^i 
difference ;  100  parts  ot  potasaiui 
30'61  parts  of  potassium  chloride. 


fiudng  siliceoue  matter  with  alka] 
injury  in  thia  opeiatiDn,  althom 
corrodes  the  metaL  The  eiperinii 
to  avoid  introducing  any  oxide  of  a 
lead  or  tin,  into  a  platinum  crucil 

platinum,  and  the  vessel  will  be  i 
must  never  be  put  naked  into  a  < 
placed  within  a  covered  earthen  en 


PALLADIUM.  ^19*. 

oxidable  than  platmum.  When  heated  to  redness  in  the  air, 
especially  in  the  state  of  sponge,  it  acauires  a  blue  or  purple  siiper- 
iicial  film  of  oxide,  which  is  a^ain  reauced  at  a  white  heat  This 
metal  is  slowly  attacked  by  mtric  acid ;  its  best  solvent  is  nitro- 
muriatic  acid. 

Palladium,  like  platinum,  forms  two  classes  of  compounds ; 
namely,  the  palladious  compounds,  in  which  it  is  bivaknt,  and 
the  palladic  compounds,  in  which  it  is  quadrivalent. 

• 

Chloridea. — The  dicMoridey  or  PaUadiom  chloride^  PdClj^  is 
obtained  by  dissolving  the  metal  in  nitro-muriatic  acid,  and 
evaporating  the  solution  to  dryness.  It  is  a  dark-brown  mass,  which 
dissolves  in  water  if  the  heat  has  not  been  too  great,  and  forms 
double  salts  with  many  metallic  chlorides.  The  palhidio-chlorides  of 
ammonium  and  potassium  are  much  more  soluble  than  the  corre- 
sponding platinochlorides  :  they  have  a  brownish-yellow  tint. 

The  tetrachloride,  or  Palladic  chloride,  PdCl^,  exists  only  in 
solution  and  in  combination  with  the  alkaline  chlorides.  It  is 
formed  when  the  dichloride  is  digested  in  nitro-muriatic  acid.  The 
solution  has  an  intense  brown  colour,  and  is  decomposed  by 
evaporation.  Mixed  with  potassium  chloride,  or  with  sal-ammoniac, 
it  gives  rise  to  a  red  crystalline  precipitate,  which  is  but  little  soluble 
in  water. 

PalladiotiB  Iodide,  Pdlj,  is  precipitated  from  the  chloride  or 
nitrate  by  soluble  iodides,  as  a  black  mass,  which  gives  off  its  iodine 
between  300°  and  360°.  Palladium-salts  are  employed  for  the 
quantitative  estimation  of  iodine,  chlorine  and  bromine  not  being 
precipitated  by  them. 

Oxides. — The  monoxidey  or  PaUadious  oxide,  PdO,  is  obtained  by 
evaporating  to  dr3rQess,  and  cautiously  heating  the  solution  of 
mlladium  m  nitric  acid.  It  is  black,  and  but  little  soluble  in  acids. 
The  hydrate  falls  as  a  dark-brown  precipitate  when  sodium  carbonate 
is  added  to  the  above  solution.     It  is  decomposed  by  a  strong  heat 

The  dioxide,  or  Palladic  oxide,  PdO^,  is  not  known  in  the  separate 
state.  From  a  solution  of  palladic  chloride,  alkalis  and  alkaline 
carbonates  throw  down  a  brown  precipitate,  consisting  of  hydrated 
palladic  oxide  combined  with  the  alkali.  This  compound  gives  off 
naif  its  oxygen  at  a  moderate  heat,  and  the  whole  at  a  higher 
temperature.  From  hot  solutions  a  black  precipitate  is  obtained, 
containing  the  anhydrous  dioxide.  The  hydrate  oissolves  slowly  in 
acids,  forming  yellow  solutions.  In  strong  hydrochloric  acid  it 
dissolves  without  decomposition,  forming  potassio-palladic  chloride, 
arising  from  admixed  potash  ;  with  dilute  hydrochloric  acid,  on  the 
contrary,  it  gives  off  chlorine. 

Palladious  Sulphide,  PdS,  is  formed  by  fusing  the  metal  with 
sulphur,  or  by  precipitating  a  solution  of  a  palmdious  salt  with 
hydrogen  sulphide.    It  is  insoluble  in  ammonium  sulphide. 


even  wli.-ti  tliL-  lnjUl'l  is  lifat,-il  to 
coinpounil  lx;haves  in  a  similar  man 
converted  iuhi  the  Tellow  modificat 
covered  bj  Hugo  Mtiller,*'  are  analo^i 
and  probeiblj  Uieiefore  in  constitutio 
Ute  platmum  compoimd,  N,H«PtCI, 
ponnd  being  palladiomnitUammonum 
and  the  yellow  compound,  paUadamn 
The  yellow  compound,  dwerted  with 
palladamnumium  oxidt,  N  JlgPdO,  wh. 
water,  having  an  alkaline  taste  and  lei 
acid  from  the  air.  PaUadamTiumium  n 
by  the  action  of  iulphurous  acid  o 
ciystaUisea  in  orange-yellow  octohec 
ioiide,  and  bromide  have  likewise  been 

The  cvrnpowd  tNHj.PdCl,  or  j 
PdrNH^NH^Cl]^  se[«rate8  from  i 
paQadommonium  chloride  in  obliqne  i 

The  oxidt,  N,HuPdO,  obtained  by 
thia  chloride  with  nlvet  oxide,  is 
oygtaUiaable  aalts. 

Palladious  aalte  are  well  marked  by  ■ 
dpitate  which  they  fonn  with  solution 
ustoof  paUadions  cyanide,  PdCy„  and 
fipongy  metal. 
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BHODIVM. 

Atomic  weight,  104*4.    Symbol,  R 

The  solution,  from  which  platinum  and  palladium  have  been 
separated,  in  the  manner  already  described,  is  mixed  with  hydro- 
chloric acid,  and  evaporated  to  dryness.  The  residue  is  treated 
with  alcohol,  of  specific  gravity  0-837,  which  dissolves  evervthing 
except  the  double  chloride  of  rhodium  and  sodium.  This  is  well 
washed  with  spirit,  dried,  heated  to  whiteness,  and  then  boiled  with 
water,  whereby  sodium  chloride  is  dissolved  out,  and  metallic  rhodium 
remains.  Thus  obtained,  rhodium  is  a  white,  coherent,  spongy 
mass,  still  less  fusible  and  less  capable  of  being  welded  than 
platinum.    Its  specific  gravity  varies  from  10*6  to  11. 

Rhodium  is  very  brittle  :  reduced  to  powder  and  heated  in  the 
air,  it  becomes  oxidised,  and  the  same  alteration  happens  to  a  greater 
extent  when  it  is  fused  with  nitrate  or  bisulphate  of  potc^ium. 
None  of  the  acids,  singly  or  conjoined,  dissolve  this  metal,  unless  it 
be  in  the  state  of  alloy,  as  with  platinum,  in  which  state  it  is 
attacked  by  nitro-muriaticacid. 

Rhodium  forms  but  one  chloride,  containing  RhClg,  in  which, 
like  iron  in  ferric  chloride,  it  may  be  regarded  as  either  tri-  or  quad- 
rivalent 

This  chloride  is  prepared  by  adding  silicofluoric  acid  to  the 
double  chloride  of  rhodium  and  potassium,  evaporating  the  filtered 
solution  to  drvness,  and  dissolving  the  residue  m  water.  It  forms 
a  brownish-red  deliquescent  mass,  soluble  in  water,  with  a  fine  red 
colour.  It  is  decomposed  by  heat  iuto  chlorine  and  metallic 
rhodium. 

Bhodium  and  Potamum  Chorides.— The  salt,  RhCl3.3KCl.3HjO. 
formed  by  mixing  a  solution  of  rhodic  oxide  in  hydrochloric  acid 
with  a  strong  solution  of  potassium  chloride,  crystallises  in  sparingly 
soluble  efflorescent  prisms.  Another  double  salt,  containing  RhCls. 
2KCI.H2O,  is  prepared  by  heating  in  a  stream  of  chlorine  a 
mixture  of  equal  parts  of  finely  powdered  metallic  rhodium  and 
potassium  chloride.  The  salt  has  a  fine  red  colour,  is  soluble  in 
water,  and  crystallises  in  four-sided  prisms.  Bhodium  omd  soditvm 
chloride,  RhCL.3NaC1.12H20,  is  also  a  veir  beautiful  red  salt, 
prepared  like  tne  last.  The  ammonium  salt,  Khj^C1^.6NH4C1.3H^O, 
obtained  hj  decomposing  the  sodium  salt  with  sal-ammoniac, 
crystallises  m  fine  rhombohedral  prisms. 

Bhodium  Oxides. — Rhodium  forms  four  oxides,  containing 
RhO,  RhjOg,  RhO^and  RhOg. 

The  monoxide^  KhO,  is  formed  with  incandescence,  when  the 
hydrated  sesquioxide,  Rh203.3H20,  is  heated  in  a  platinum  crucible. 
It  is  a  dark  ^j  substance,  perfectly  indifferent  to  acids. 

The  tesqaujonde,  or  Ehodic  vande,  RhjOj,  obtained  by  heating  thft. 


iiiMiluM.'  ill  ariiU.  Whi.ii  chlorilii'  is 
rliniii,-  i„.iiiahniniU-,  Rli„0.,,.'-)H.,U,.i  l.Wl 
Utt-  of  Ihu  trifL.v.lraks  HlijUj.aH'jO,  ia  lun 
pound  gradually  lusee  iu  |jelatiuou»  c<i 
m  colour,  «&il  is  finallv  converted  int 
dioxide,  Rh0^2H.O.  The  alkaline  » 
acquires  a  deep  violet-blue  colour. 

Trionde,  BhOj.— The  blue  alkaline 
deposita,  after  a  while,  a  blue  powder,  1 
and  yielding,  when  treated  with  nitric 
stance,  consisting  of  the  trioxide,  easily  i 

Rhodio  Sdlphatb,  Bh,(S04)pl2H,0, 
sulphide  with  nitric  acid,  is  a  yellow: 
PotaMw-rAorfw  lulphaU,  RhKJSOj)^,  is 
powder,  fonued  by  adding  sulphunc  aci 
and  potasaium  chloride.  • 

AnunoDiacol  Khodinm  Oompoun 

CLEh— (NHA-Cl 
10NH,RhXI„  or        [ 

Cl,Rh— (NH,)^— a 
ciystalline  powder  on  mixing  a  diluti 
ammonium  chloride  with  excess  of  i 
filtered  solution  to  evaporate.  The  co 
Rb,Oy  obtained  bv  heating  the  chlor 
Bttong  base,  from  wnich  the  sulphate  a 
in  crystalline  form. 

■Rbivlif:  snits  nre.  for  the  most  part,  r 
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IBIDIVM. 

f  Atomic  weight,  198.    Symbol,  Ir. 

When  crude  platinum  is  dissolved  in  nitromuriatic  acid,  a  small 
quantity. of  a  srey  scaly  metallic  substance  usually  remains  behind, 
having  ailtogeuier  resisted  the  action  of  the  acid  :  this  is  a  native 
alloy  of  iridium  and  osmium,  called  osmiridium  or  iridosmine;  it 
is  reduced  to  powder,  mixed  with  an  equal  weight  of  dry  sodium 
chloride,  and  heated  to  redness  in  a  glass  tube,  through  which  a 
stream  of  moist  chlorine  cas  is  transmitted.  The  further  extremity 
of  the.  tube  is  connected  with  a  receiver  containing  solution  of 
ammonia.  The  gas,  under  these  circumstances,  is  rapidly  absorbed, 
iridium  chloride  and  osmium  chloride  being  produced  :  the  former 
remains  in  combination  with  the  sodium  chloride;  the  latter, 
being  a  volatile  substance,  is  carried  forward  into  the  receiver, 
where  it  is  decomposed  by  the  water  into  osmic  and  hydrochloric 
acids,  which  combme  with  the  alkali.  The  contents  of  the  tube 
when  cold  are  treated  with  water,  by  which  the  iridium  and  sodium 
chloride  is  dissolved  out ;  this  is  mixed  with  an  excess  of  sodium 
carbonate,  and  evaporated  to  dryness.  The  residue  is  ignited  in  a 
crucible,  boiled  with  water,  and  dried;  it  then  consists  of  a 
mixtTire  of  ferric  oxide  and  a  combination  of  iridium  oxide  with 
soda:  it  is  reduced  by  hydrogen  at  a  high  temperature,  and  treated 
successively  with  water  and  strong  hydrochloric  acid,  by  which 
the  alkali  and  the  iron  are  removed,  while  metallic  iridium  is  left 
in  a  finely  divided  state.  By  strong  pressure  and  exposure  to  a 
white  heat,  a  certain  degree  of  compactness  may  be  communicated 
to  the  metal.* 

Iridium  is  a  white  brittle  metal,  fusible  with  great  difficulty 
before  the  oxy-hydrogen  blowpipe.  Deville  and  Debray,  by  means 
of  their  powerful  oxy-hjdrogen  blast  furnace,  have  fused  it  com- 
pletely into  a  pure  white  mass,  resembling  polished  steel,  brittle 
m  the  cold,  somewhat  malleable  at  a  red  heat,  and  having  a 
density  equal  to  that  of  platinum,  viz.,  21*15.  By  moistening  the 
pulverulent  metal  with  a  small  quantity  of  water,  pressing  it  tigntly, 
nrst  between  filtering  paper,  tnen  very  forcibly  in  a  press,  and 
calcining  it  at  a  white  heat  in  a  forge  fire,  it  may  be  obtained  in 
the  form  of  a  compact,  very  hard  mass,  capable  of  taking  a  good 
polish,  but  still  very  porous,  and  of  a  density  not  exceeding  16*0. 
After  strong  ignition  it  is  insoluble  in  idl  acios,  but  when  reduced 

*  Osmiridium,  however,  generally  contains  platinum,  ruthenium,  and  other 
metals  of  the  same  group,  which  are  not  effectually  separated  by  the  method 
above  described.  The  complete  separation  of  the  several  metals  of  the  platinum 
^up  has  of  late  years  formed  the  subject  of  several  elaborate  investigations, 
mto  which  the  limits  of  this  work  will  not  permit  us  to  enter.  (See  Watts's 
Dictionary  of  Chemistry,  uL  85 ;  iv.  241,  680  ;  v.  101, 124) 
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J>aliJv  -»x\ali:nt. 

Chlorides. — Iriilium  a^jK-ar?  to 
two  of  th'-rii — nainf'ly,  the  tri».hlori« 
ohiAuifil  ill  lii'finiti;  i'onii. 

Thft  ilirhlon'tU,  Wl2»  i^  ^^^  ^"* 
apiN-arH  to  cxixt  in  rtrrtuin  <Iouble  pa 

rin*  truhloritU,  or  Iri/lioiis  chlorid 
hfatin^'  indiiiin  with  nitn;,  ad<liii^  1 
Maturate  tht?  alkali,  wanniTi(^  the  mi 
prufipitiit^'il  Iivdrate  of  the  8ef«quioxi( 
u  <lark  yllowinli-hn*!*'!!  solution.     ' 
other  nii!tullic  chlorifleB,  foniiin<(  cor 
or  chlffriritfitcHf  wliicli    may  he   prej 
H|Hm(lin^  chlc»ririiliateH  with  Kul]»hu 
or  TH»taMsium  frrnicvanide.      Claus 

lK:l3.:iNll.()l.:Uf,();  lrCl3.3KCl.3H, 

Tlioy  are  olivr.-j^reen  pulvenilent  salt 
Tho  tt-.tnu'lilttrifley  or  J ri(1u  chloride j  J 
<liHHoIviii^  very  finely  <livi<led  iridiui 
trichlorifU',  in  iiitromuriatic  acid,  a 
Ix tiling'-] mint.  On  evai>oratin^  the  ac 
of  a  l)lar.k,  ileliipu^HCent,  amonihous 
nsd  colour  at  the  ed^eH ;  fHjluoIe,  w 
wat<;r.  It  unit4*H  with  alkaline  chlorii 
vrUliochhriihs  or  chloriridUiteSy  anal 
dilorojilati nates.  The  ammonium  Mi 
jhitfiMium  Milt.  IWM   ouw'i    —     - 


mmiUH.  525 

gently  ignited  and  finely  divided  mixture  of  iridium  with  potassium 
chlonde.  It  is  soluble  in  boiling  water,  and  crystallises  in  black 
octohedions,  yielding  a  led  powder.  The  sodium  salt,  lrOL.2NaCl. 
6H»0,  prepared  like  the  potassium  salt,  forms  easily  soluble  black 
tables  ana  prisms,  isomorphous  with  the  corresponding  platinum 
salt 

Iodides. — Iridium  forms  three  iodides,  Irlj,  Irl*,  and  Irl4,  analo- 
^us  to  the  chlorides,  and  yielding  sinular  double  salts  with  the 
iodides  of  the  alkali-metals.* 

Oxides. — Iridium  forms  four  oxides,  IrO,  IroO,,  IrOj,  and  IrO*. 
The  monoxide^  or  hypairidious  oxidCf  IrO,  is  but  little  known.  It  is 
obtained  by  precipitating  an  alkaline  hypochloriridite  with  caustic 
alkali  in  an  atmosphere  of  carbon  dioxide  ;  but  on  exposure  to  the 
air  it  is  quickly  converted  into  a  higher  oxide. 

The  sesquioxidej  or  Iridious  atwfe,  iroO,,  was  formerly  regarded  as 
the  most  easily  formed  and  most  stable  of  the  oxides  of  iridium ; 
but,  according  to  Glaus,  it  has  a  great  tendency  to  take  up  oxygen 
and  pass  to  the  state  of  dioxide.  It  may  be  prepared  by  gently 
igniting  a  mixture  of  potassium  chlonridite  (IrCljKCils)  witn 
sodium  carbonate  in  an  atmosphere  of  carbon  dioxide  ;  on  treating 
the  product  with  water,  the  sesquioxide  remains  in  the  form  of  a 
black  powder  insoluble  in  acids.  It  forms  two  hydrates,  Ir.O3.3H2O, 
and  Ir203.5H20.  It  unites  with  bases,  forming  salts  wiiich  may 
be  called  iriaiUs,  A  solution  of  a  chloriridite  in  excess  of  lime- 
water  deposits,  after  standing  for  some  time  out  of  contact  of  air,  a 
dirty  yellow  precipitate  containing  SCaO.IrjOj. 

The  dioxide,  or  Iridic  oxide,  IrO*,  is,  according  to  Glaus,  the  most 
easily  prepared  and  most  stable  of  all  the  oxides  of  iridium,  and  is 
always  deposited  in  the  form  of  a  bulky,  indigo-coloured  hydrate, 
liO^ZJl^O,  when  a  solution  of  either  of  the  chlorides  of  iridium 
or  uieir  double  salts  is  boiled  with  an  alkali ;  but  it  always  retains 
3  or  4  per  cent  of  the  alkali.  The  hydrate  may  be  obtained  by 
dissolving  the  hydrated  sesquioxide  in  potash  and  treating  the  solu- 
tion with  an  acid.  It  dissolves  in  acids,  forming  solutions  which  are 
dark-brown  when  concentrated,  reddish-yellow  when  dilute. 

The  trioxide,  or  Periridic  oxide,  IrOj,  is  not  known  in  the  free 
state,  but  is  formed  in  combination  with  potash,  when  iridium  is 
fused  for  some  time  with  nitre.  The  resulting  blackish-green  mass 
dissolves  in  water,  forming  a  deep  indigo-coloured  solution  of  basic 
potassium  periridmte,  leaving  a  black  crystalline  powder  consisting 
of  acid  periridiate.t 

Iridium,  like  the  otherplatinum  metals,  shows  but  little  tendency 
to  form  oxygen  salts.  Tne  oxides  dissolve  in  acids,  but  no  definite 
salts  are  obtained  in  this  vay.  The  solution  of  iridic  oxide  in 
sulphuric  acid  has  a  dark-brown  colour,  which  is  not  modified  by 

*  Off ler,  Ueber  die  lodverbindungen  det  Iridiums.    GCttingen,  1857. 
t  Claus,  Ann.  Ch.PhAniLlix.m    . 


A     «  a  k 


OU.XpXl.A\ACO. 

to  the  liist  tliree  oxides  above  descrilu'd. 
disnljihitl''  are  oldaiTuul  as  brown-Mack 
the  sobitions  of  the  trichloride  and  tetrad 
hydrogen  sulphide.  The  monosulphide  is  t 
ODtained  by  decomposing  either  of  the  hi^ 
veeseL 

Ammoniacal  Oompoiinds  of  Iridiuxu. 

am/moniumand  iridosodiammonium,  Ir  (N  H3< 
together  with  the  corresponding  sulphaU 
platinouB  compounds  of  analogous  compoe 

semble  in  their  properties.    The  nitratoMc 

is  formed  by  heating  the  chloride,  Ir  (Nl 
acid.  Iridiodiammonium  Moride,  Cl^r[> 
as  a  violet  precipitate  by  treating  the  nit 
hydrochloric  acii* 

The  comjjound,  lONHj.IrjCL,  analogous 
above  described  (p.  622),  but  naving  no  i 
series,  is  obtained  as  a  flesh-coloured  cr 
longed  digestion  of  ammonium  chloririd 
ammonia.  The  corresponding  carbonate, 
also  been  prepared,  t 


Iridic  solutions  ^containin^  the  dioxide 
dark  brown-red  colour ;  iridious  eolutioi 
oxide  or  trichloride)  have  an  olive-green  c 
an  iridic  solution  are  best  observed  with  so 
other  iridic  compounds  being  but  slightly 

Iridic  solutions  give  with  ammonium  oi 
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BUTHENIUM. 

Alomic  weight,  104*4.    Symbol,  Rn. 

This  metal,  discovered  by  Glaus  in  1846,  occurs  in  platinum  ore, 
and  chiefljr  in  osmiridium,  of  which  there  are  two  varieties— one 
scaly,  consisting  almost  wholly  of  osmium,  iridium,  and  ruthenium  ; 
while  the  other,  which  is  granular,  contains  but  mere  traces  of  os- 
mium and  ruthenium,  but  is  very  rich  in  iridium  and  rhodium. 
To  obtain  ruthenium  scaly  osmiridium  is  heated  to  bright  red- 
ness in  a  porcelain  tube,  through  which  a  current  of  air  (freed  from 
carbonic  acid  by  passing  through  potash,  and  from  organic  matter 
W  passing  through  oil  of  vitriol),  is  drawn  by  means  of  an  aspirator. 
The  osmium  and  ruthenium  are  thereby  oxidised,  the  former  being 
carried  forward  as  tetroxide  and  condensed  in  caustic  potash  solu- 
tion, while  the  ruthenium  oxide  remains  behind,  together  with 
iridium ;  and  by  fusing  this  residue  with  potassium  hydroxide,  treat> 
ing  the  mass  with  water,  and  leaving  the  liquid  in  a  corked  bottle 
for  about  two  hours  to  clarify,  an  orange-coloured  solution  of  potas- 
sium rutheniate  is  obtained,  which,  when  neutralised  ynth  nitric 
acid,  deposits  velvet-black  ruthenium  sesquioxide,  and  this,  when 
washed,  dried,  and  ignited  in  hydrogen,  yields  the  metal 

Ruthenium,  thus  prepared,  forms  porous  lumps  very  much  like 
iridium,  and  is  moderately  easy  to  pulverise.  It  is  the  most  refractory 
of  all  metals  except  osmium.  Deville  and  Debray  have,  however, 
fused  it  by  placing  it  in  the  hottest  part  of  the  oxyhydrogen  flame. 
After  fusion  it  has  a  density  of  11*4 ;  that  of  the  porous  metal  is  8*6. 

Ruthenium  is  scarcely  attacked  by  nitromuriatic  acid.  It  is,  how- 
ever, more  easily  oxidised  than  platinum,  or  even  than  silver. 
When  pure  it  is  easily  oxidised  by  fusion  with  potassium  hydroxide, 
still  more  easily  on  addition  of  a  small  quantity  of  nitrate  or  chlorate, 
producing  potassium  rutheniate,  which  dissolves  in  water  with 
orange-ySlow  colour. 

Chlorides. — Ruthenium  forms  three  chlorides,  RuClg,  RuClg,  and 
RuCl^. 

The  dichloridey  RuClj,  is  produced,  together  with  the  trichloride, 
by  igniting  pulverised  ruthenium  in  a  stream  of  chlorine,  the  tri- 
chloride then  volatilising,  while  the  dichloride  remains  in  the  form 
of  a  black  crystalline  powder,  insoluble  in  water  and  in  all  acids, 
even  nitro-muriatic  acid,  and  only  partially  decomposed  by  alkalis. 
A  soluble  dichloride  is  formed  by  passing  sulphyaric  acid  gas  into 
a  solution  of  the  trichloride,  a  brown  sulpnide  being  then  pre- 
cipitated, and  the  solution  acquiring  a  fine  blue  colour. 

The  trichloridef  or  Ruthenurus  chloride,  RuClj,  prepared  by  pre- 
cipitating a  solution  of  pi^tassic  rutheniate  with  an  acid,  dissolving 
the  precipitated  black  oxide  in  hydrochloric  acid,  and  evaporating, 
is  a  yellow-brown,  crystalline,  very  deliquescent  mass,  Decoming 


viv-^  *.«,  »  - 


a  solution  of  nithenic  hydrate  in  hydroci 
chloride,  and  eva])orating  to  the  crystall 
with  i-ose-coloui-ed  iridescence,  very  solul 
in  alcohol.  The  ammonium  salty  RUCI4 
the  potassium  salt,  which  it  resembles  ck 

Oxides. — Rathenium  forms  five  oxide 
BuO^  and  RuO^,  the  fourth,  however,  b 
bination. 

The  monoxide  BuO,  obtained  by  calc 
sodium  carbonate  in  a  current  of  carbon 
residue  with  water,  has  a  dark-grej  cole 
not  acted  upon  by  acids  ;  but  is  reducec 
temperatures. — The  sesquiaxidef  or  RtUi 
bluish-black  powder,  formed  by  heating 
corresponding  hydrate,  Ru^Oj.SHjO,  or  I 
cipitating  ruthenious  chloride  with  an 
blackLsh-brown  substance  which  dissol 
acids. — The  dioxide,  or  RtUhenic  oxide,  Ri 
obtained  by  roasting  the  disulphide.    Rt 
or  RUH4O4,  is  obtained  as  a  gelatinous  ] 
potassium  chlororutheniate  with  sodiui 
RUO3,  commonly  called  ruthenic  acid,  is 
salt,  which  is  obtained  by  igniting  ruth 
and   nitre  :   it  forms   an   orange-yellow 
RuOf,  is  a  volatile  compound,  analogous 
b^  heating  ruthenium  with  potash  and 
dissolving  the  fused  mass  in  water,  an 
the  solution  in  a  tubulated  retort,  com 
with  a  receiver  containing  potash.    Th 
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Ru^Sp.  When  hydrogen  sulphide  is  passed  for  a  long  time  into  a 
solution  of  the  trichloride,  ruthenium  disulphide,  RuS«,  is  formed, 
M  a  brown-yeUow  precipitate,  becoming  dark-broWn  by  calcination! 

Axnznoniacal  Buthenium  Compounds. — Tetrammonio-hyporiL- 
ihmioui  Chloride,  4NH3.RuCla.3H2O  or  Ru[NHj(NH^)ai.3H20, 
is  formed  by  boiling  the  solution  of  anmionium  chlororutneniate 
(RuC1^.2NH4Cl)  with  ammonia.  It  forms  golden-yellow  oblique 
rhombic  crystals,  very  soluble  in  water,  insoluble  in  alcohol. 
Treated  with  silver  oxide,  it  yields  the  corresponding  oxide, 
4NHpRuO,  which,  however,  is  decomposed  by  evaporation  of  its 
solution,  givingoff  half  its  ammonia,  and  leaving  the  compound, 
2NH3.RUO.  The  carbonate,  nitrate,  and  sulphate,  obtained  by 
treating  this  last-mentioned  oxide  with  the  corresponding  silver 
salts,  form  yellow  crystals. 

The  compounds  of  ruthenium  may  readily  be  distinguished  from 
those  of  the  other  platinum-metals,  by  fusing  a  few  milligrams  of 
tiie  substance  in  a  platinum  spoon,  with  a  large  excess  of  nitre, 
leaving  it  to  cool  when  it  ceases  to  froth,  and  dissolvinjj  the  cooled 
mass  in  a  little  distilled  water.  An  orange-yellow  solution  of  potas- 
sium rutheniate  is  thus  formed,  which  on  addition  of  a  drop  or  two 
of  nitric  acid,  yields  a  bulky,  black  precipitate ;  and  on  adding 
hydrochloric  acid  to  the  liquid,  with  tne  precipitate  still  in  it,  ana 
heating  it  in  a  porcelain  crucible,  the  oxide  dissolves,  forming  a 
solution  which  has  a  fine  orange-yellow  colour  when  concentrated, 
and  when  treated  with  hydrogen  sulphide,  till  it  becomes  nearly 
black,  yields  a  filtrate  of  a  splendid  sky-blue  colour.  Characteristic 
reactions  are  also  obtained  with  potdssium  sulphocyancUe,  which 
colours  the  liquid  deep  red,  changing  to  violet  on  heating,  and  with 
Uad  acetatey  which  forms  a  purple-red  precipitate. 


OSMIUM. 

Atomic  weight,  199*2.    Symbol,  Os. 

The  separation  of  this  metal  from  iridium,  ruthenium,  and  the 
other  metals  with  which  it  is  associated  in  native  osmiridium,  and 
in  platinum  residues,  depends  chiefly  on  its  ready  oxidation  with 
nitric  or  nitromuriatic  acid,  or  by  ignition  in  air  or  oxygen,  and  the 
volatility  of  the  oxide  thus  produced. 

To  prepare  metallic  osmium,  the  solution  obtained  by  condensing 
the  vapour  of  osmium  tetroxide  in  potash  (p.  527)  is  mixed  witn 
excess  of  hydrochloric  acid,  and  digested  with  mercury  in  a  well- 
closed  bottle  at  40^.  The  osmium  is  then  reduced  by  the  mercury, 
and  an  amalgam  is  formed,  which^  when  distilVed  \si  ^  ^5qc»bs&.  ^ 

F0WN£8. — VOL   I.  'i^'^ 


ti}'.: 


i;^niitiii;^'  preripitated  osiuiuni  sul])hi(le  n 
the  meltiiiL,'  huat  of  nickel,  olttained  i 
divisiljle  lumps.  When  heated  to  the  ni 
becomes  more  compact,  and  acauires  a  d 
a  still  higher  temperature,  capable  of  melt 
and  volatilising  platinum,  osmium  lib 
does  not  melt ;  in  fieu^t,  it  is  the  most  refi 
Osmium  in  the  finely  divided  state  if 
tinning  to  bum  when  set  on  fire,  till  it  ifi 
In  this  state  also  it  is  easily  oxidised 
acid,  being  converted  into  tetroxide.  E 
heat,  it  becomes  less  combustible,  anc 
or  nitromuriatic  acid.  Osmium  which 
melting  point  of  rhodium,  does  not  give 
when  heated  in  the  air  to  the  melting  pc 
higher  temperatures. 

Osmium  Ofalorides. — Osmium  fom 
to  those  of  iridium  and  ruthenium, 
chlorine  gas,  there  is  formed,  first  a  I 
dichloride,  then  a  red  sublimate  of  the  U 
or  JiAfpo-osmums  chloride,  dissolves  in  ^ 
colour.    It  is  likewise  formed  by  the  i 
either  of  the  higher  chlorides,  into  wh 
easily  converted  by  oxidation.    The  a( 
renders  it  more  stable,  by  forming  a  d 
OsCL,  has  not  been  isolated,  but  is  a 
tained  by   treating  the  sesquioxide 
forms  double  salts  with  alkaline  ch 
^-ni  -^K-fl  .-^HoO,  is   produced,  toget 
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forming  salts  sometimes  called  osmio chlorides,  or  chloros> 
mates.  From  the  solutions  of  these  salts,  hydrogen  sulphide  and 
ammonium  stUphide  slowly  precipitate  a  yellow-brown  sulphide,  in- 
soluble in  albdine  sulpmdes ;  silver  nitrate  forms  an  olive-green  ; 
stannous  chloride^  a  brown  precipitate.  Tannic  acidy  on  heating, 
produces  a  blue  colour,  but  no  precipitate ;  potassium  ferrocyanukf 
nrst  a  green,  then  a  blue  colour ;  potassium  iodide,  a  aeep  purple- 
red  colour.  Potash  gives  a  black,  arrvmonia  a  brown  precipitate, 
slowly  in  the  cold,  immediately  on  boiling.  Metallic  zinc  and  sodium 
farmaU  throw  down  metaUic  osmium. 

Sodium  osmiochloridef  08Cl4.2NaCl,  prepared  by  heating  a  mixture 
of  osmium  sulphide  and  sodium  chloride  in  a  current  of  chlorine, 
crvstallises  in  orange-coloured  rhombic  prisms,  an  inch  long,  easily 
soluble  in  water  and  in  alcohol.  The  potassiwm  and  am.'monium 
salts,  of  analogous  composition,  are  obtained  as  red-brown  crys- 
talline precipitates  on  adding  sal-ammoniac  or  potassium  chlonde 
to  the  solution  of  the  sodium  salt. 

Oxides.  —  Osmium  forms  five  oxides  anal(^us  to  those  of 
ruthenium.  The  monoxide,  or  hypo-osmums  oxide,  OsO,  is  obtained  by 
igniting  hypo-osmious  sulphite  in  a  stream  of  carbonic  acid  gas  ; 
also  as  a  blue-black  hydrate,  by  heating  the  same  salt  with  strong 
potash  solution  in  a  closed  vessel.  Hypo^amious  sulphite,  O8SO3 
or  OsO.SOj,  is  a  black-blue  salt,  produced  by  mixing  the  aqueous 
solution  of  osmium  tetroxide  with  sulphurous  acid. — The  sesquioxide 
or  osmious  oxide,  OsjOj,  is  obtained  by  heating  either  of  the  double 
salts  of  the  trichloride  with  sodium  carbonate  in  a  stream  of  car- 
bonic acid  gas.  It  is  a  black  powder,  insoluble  in  acids.  The  hydrate, 
obtained  by  precipitation,  has  a  dirty  brown-red  colour,  is  soluble 
in  acids,  but  does  not  y^ield  pure  salts. 

The  dioxide,  or  Osmtc  oxide,  O8O2,  is  obtained  as  a  black  insoluble 
powder,  by  heating  potassium  osmiochloride  with  sodium  car- 
bonate in  a  stream  of  carbonic  acid  gas,  or  in  copper-red  metallic 
shining  lumps,  by  heating  the  corresponding  hydrate.  Osmic  hydrate, 
O8O-J.2H0O,  is  obtained  by  precipitating  a  solution  of  potassium 
osmio-chloride  with  potash,  at  the  boiling  heat,  or  in  greater  purity 
by  mixing  a  solution  of  potaseic  osmite,  K^O.OsOj,  with  dilute 
nitric  acid. 

The  trioxide,  OsOg,  is  not  known  in  the  free  state,  but  combines 
with  alkalis,  forming  salts  called  o  smites,  which  eCre  produced  by 
the  action  of  reducing  agents  on  the  tetroxide  in  presence  of  alkalis. 
The  potassium  salt,  K^0.0803.2H20,  is  a  rose-coloured  crystalline 
powder. 

The  tetroxide,  OsO^,  commonly  called  osmic  a^cid,  is  the  volatile, 
etrong-smelling  compound,  formed  when  osmium  or  either  of  its 
lower  oxides  is  heated  in  the  air,  or  treated  with  nitric  or  nitro- 
muriatic  acid.  It  may  be  prepared  by  heating  osmium  in  a  current 
of  oxygen  gas,  and  condenses  in  the  cool  part  of  the  apparatus  in 
colourless,  transparent  crystals.    It  melts  below  100'^  and  Wis^  ^ 


Sulphides.— (>.-Tiii mil  lnuiis  iti  siiljili 

of   O^lilLULIl    MV    Slill   t.ll-xi-^t,  ;l11iil.lHlllt''t 

being  pruiluctid  by  ilucoiapusiii;,'  tlii'  I'li 
hfdrogea  sulphide,  and  the  tetnunilphidi 
Bolutioii  of  the  tetroxide.  The  but  ii 
soluble  ia  water,  whereoa  the  others  i 
soluble  in  water,  and  forming  deep  yello 
A  TWTn  fvjy  ^n**nl  OvmioiD  Oompouitd^ 
siiun  oemite,  mixed  with  Hal-ammoniac, 
precipitate,  coiDiiBtiiig,  according  to  CI 
nium  chloride,  Oafiinfil)^.  An  aqueoi 
treated  witli  ammonia,  jields  a  brown- 
N^jObO^  or  0  =  08<^^^'>0+H,0. 

OaaiAMic  Acid,  H,Ob,NA.— The  p 
acid,  K^s,N,Og,  is  produced  by  the  a 
solution  of  osmium  t«troiide  in  excess  ( 

eOsO^  +  8NH,  +  6KH0  =  3K,0 

V  crystalline 
!,  yields  a  pte 
Ag,Os,N,0^  irom  which  the  oqueoui 
decomposition  with  hydrochloric  acid, 
posing,  not  only  the  carbonates,  but  ab 
and  sodium.  The  osmiamutes  of  th( 
earth-metals  are  soluble  in  water ;  tl 
salts  aie  insoluble. 
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HYDROMETER   TABLES. 


Table  I. — Comparison  of  the  degrees  of  bafmiI's  hydrometer 

WITH  THE  REAL  SPECIFIC  ORATITIF.S. 


For  Liquids  Heavier  Hum  Water, 


Defaces. 

Specific 
Gravity. 

Degrees. 

Specific 
Gravity. 

Degrees. 

Specific 
Gravity. 

0 

1000 

26 

1-206 

52 

1-520 

1 

1-007 

27 

1-216 

53 

1-535 

2 

1-013 

28 

1-226 

64 

1-551 

8 

1-020 

29 

1-235 

lis 

1-667 

4 

1-027 

30 

1-246 

66 

1-683 

5 

1034 

31 

1-266 

67 

1-600 

6 

1041 

32 

1-267 

68 

1-617 

7 

1-048 

33 

1-277 

69 

1-634 

8 

1-066 

34 

1-288 

60 

1-662 

9 

1-063 

36 

1-299 

61 

1-670 

10 

1-070 

36 

1-310 

62 

1-689 

11 

1078 

37 

1-321 

63 

1-708 

12 

1-085 

38 

1-333 

64 

V727 

13 

1-094 

39 

1-345 

66 

1-747 

14 

1-101 

40 

1-357 

66 

1-767 

15 

1-109 

41 

1-369 

67 

1-788 

16 

1-118 

42 

1-381 

68 

1-809 

17 

1126 

43 

1-395 

69 

1-831 

18 

1-134 

44 

1-407 

70 

1-854 

19 

1-143 

46 

1-420 

71 

1-877 

20 

1-162 

46 

1-434 

72 

1-900 

21 

1-160 

47 

1-448 

73 

1-924 

22 

1-169 

48 

1-462 

74 

1-949 

23 

1-178 

49 

1-476 

76 

1-974 

24 

1188 

60 

1-490 

76 

2-000 

25 

1197 

61 

1-495 

X 

TABLE  11. 
BaumfB  Sydrvmelfr  for  lAqaidt  Lighter  thaa  IFuler. 


».„... 

QrviUy. 

MCRM. 

a>ett». 

Bpedflc 
Gnvltr. 

Id 

1-000 

27 

0-896 

44 

0-811 

1! 

0-903 

38 

0-890 

45 

0-807 

12 

0-986 

29 

0-885 

46 

0-802 

]3 

0-1*80 

30 

0-880 

47 

0-798 

14 

0-B73 

81 

0-m 

4a 

0-7B4 

0-B87 

as 

o-eea 

49 

0-789 

16 

0-980 

33 

0-804 

SO 

0-7S6 

17 

0-05* 

SJ 

0-869 

Bl 

0-731 

IS 

(i-niS 

35 

0-S54 

62 

0-777 

13 

sa 

63 

20 

0-1)36 

37 

0-844 

54 

U-l-i^       I 

21 

0-B30 

0-839 

S5 

0-784       1 

2-2 

0-324 

38 

0-834 

C6 

0-760 

23 

0-918 

40 

0-830 

67 

0-767 

21 

0-913 

41 

0-S25 

68 

0.753 

25 

0-907 

42 

0-32O 

69 

0-749 

29 

0-901 

43 

0-aia 

60 

0-745 

These  t 


D  tables  a 


Bauiui-'s  hyiiromoter  ia  very  i:oinmonly  used  on  the  Contini'iit,  esitx-iallj- 
I'lir  liquiiis  Iieavier  than  Katrr.  For  lighter  liquids  the  hydronietrr  of 
dirtier  is  often  emiiloyed  in  France.  Carticr's  ilejcrets  differ  but  little 
from  those  of  BnuniC'. 

In  the  I'uiteil  Kingdom,  TwadduU's  hydrometer  is  a  gou^  'I«'il  u^nl  f'T 
ileiiae  Hquiiln.  This  instrumeat  is  so  graduated  that  the  real  spei'ilir 
gravity  ran  ho  dedoewl  hy  an  extremely  simple  methoil  from  the  de^fif. 
of  the  liydrotiieler;  nnntoly,  by  niulliplyiiig  the  latter  by  5,  aud  adding 
1000;  tho  Slim  i*  the  Specific  gravity,  wattr  being  lUOO.  Thus  10. 
Tu-nddell  inilicBtes  a  niMHitio  griivity  of  1050,  or  1-05;  &i)'  Tv.-a.Jdtll, 
1450.  or  1-45. 

In  t!ii^  Cuslonis  and  E^iisf,  Siki-a'a  hydrometer  is  used. 
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TABLE  III. 

ABSTBACT 
OF  regnault's  table  ov  the  maximum  tension  of  wateb-vapottb, 

AT    DIFFERENT    TEMPERATURES,     EXPRESSED     IN    MILLIMETERS    OF 
MERCURY. 


1 

Tomperatnre. 

Tennion, 
mlllimeten. 

0-820     i 

Tempentare. 

Tension, 
mlllimeten. 

-  32*  C. 

100°  C. 

760-000 

30 

0-386 

105 

906-410 

25 

0-605 

110 

1075-370 

20 

0-927 

115 

1269-410 

15 

1-400 

120 

1491-280 

10 

2-093 

125 

1743-880 

5 

8-113 

130 

2030-280 

0 

4*600 

135 

2353-730 

+  5 

6-534 

140 

2717-630 

10 

9-165 

145 

8125-55 

15 

12-699 

150 

3581-23 

20 

17-391 

155 

4088-56 

25 

23-550 

160 

4651-62 

80 

31-548 

165 

5274-54 

35 

41-827 

170 

5961-66 

40 

54-906 

175 

6717-48 

45 

71-391 

180 

7546-39 

50 

91-982 

185 

8453-23 

i     55 

117-478 

190 

9442-70     i 

60 

148-791 

195 

10619-63 

65 

186*945 

200 

11688-96 

70 

233-093 

205 

12955-66 

75 

288-517 

210 

14324-80 

,     80 

354-643 

215 

16801-33 

85 

433-041 

220 

17390-36 

90 

525-450 

225 

19097-04 

95 

033-778 

230 

20926-40 

APPENDIX, 


WEIGHTS  AND  MEASDKE8. 
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Tl.sll,n<li.i.nc..  (:V,  or[.int)  ....  1:17-5      .. 

'Hip  (lint  f-iujls  31'j6  ciibk  iiidu-s. 


Ill 


H^iSaonKS 


Its 


A7PSTTDIX. 


III 
ip 

liili 

"S  j 

1 

1. 

iiii 

1 

III 

Hi 

iiij 

5" 

ill 

s 

t 

% 

a. 
E 

i 

SIIErsSs 
fssspssp 

III 

iiiiibiij 

1 

1 

u 

s  5 

mim 

1 

liilil^l  i 

II 2 S||||   S 

llllilll- 

r.     =.2 

mum 

=  =  =  =  =  "!!  = 

(2 

ip 

i 

si 

k 

II 

ill 

1 
i 

1 

1 

S 

I 
1 

j 

CODUdull^ 

FitartnhelL 

■iCmOgna^ 

CeoUgnd 

-eo* 

-130° 

-60° 

-76° 

-80° 

'      86 

121 

6S 

87 

26 

so 

112 

60 

68 

SO 

7B 

103 

46 

49 

16 

70 

n 

40 

40 

10 

66 

86 

36 

31 

6 

O" 

+Br 

+  100° 

+  212° 

+  200* 

+   6 

4J 

105 

221 

206 

10 

60 

110 

2S0 

210 

16 

6S 

IIG 

239 

216 

20 

88 

120 

248 

220 

25 

77 

125 

£67 

226 

80 

88 

130 

266 

230 

SB 

96 

135 

275 
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40 

104 

140 

284 
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4S 

lis 

146 

293 

246 

50 

122 

ISO 

802 

260 

SG 

181 

IGG 

811 

266 

80 

140 

180 

320 

260 

96 

149 

18S 

829 

266 

70 

168 

170 

838 

270 

76 

167 

176 

S47 

276 

80 

178 

180 

366 

280 

ss 

186 

.   18G 

866 

286 

80 

194 

190 

374 

SSO 

»6 

203 

186 

383 
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E 
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2 

= 

88 

3 
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^ 
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0-001298 
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22 
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u 

9 

8 
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8 
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0  001270 

160 

0-000815 
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IflS 

0-000808 

15 

0'Q0]22S 

170 

0-000797 

2U 

0-001206 

176 

0-000788 

25 
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lao 
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30 

0-0011S5 

185 

o-ooo7ro 
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0-001 148 
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0  0OOti94 

85 
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0  ouoar* 
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0  OOOSfiS 
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12 
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6 
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0  000838 
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UE 
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0  000616 
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The  i-olmiiii  ol  DilR-n-nneB  is  intendeil  to  fneilitate  tJi«  caU  illation  oi 
Ihi'  inlcrmediate  voIuob.  Thus  to  fmii  the  weiRlitof  1  cub.  cpnt.  of  air  for 
1)3°,  we  [iiiist  nJd  to  the  weight  for  60°.  two-fifths  of  the  dilTeiviici'  (1 ; 
ln-lwi-cn  this  am!  the  niimber  for  55  degrees  :  thus 

Weightof  1  cub.  cent,  ofairat  50°  =   0-001094 

A.i.liofl7  =  7_ 

"WeigU  ot  1  cul..  cciil.  of  nir  al  55^  =     O'OllOl. 
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FOR  THE  CALCULATION  OF   iirQ''QQ^Aft  •      ('S'^ I^^  58). 
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31 

0-89785 

61 
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91 
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121 
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2 

0-99271 

32 

0-89490 

62 

0-81464 

92 

0-74758 

122 

0-69073 

3 

0-98911 

33 

0-89197 

63 

0-81221 

93 

0-74554 

123 

0-68899 

4 

0-98553 

34 

0*88906 

64 

0-80979 

94 

0-74351 

124 

0-68725 

5 

0-98198 

35 

0-88617 

66 

0-80740 

95 

0-74148 

125 

0-68562 

6 

0-97846 

86 

0-88380 

66 

0-80501 

96 

0-73947 

126 

0-68880 

7 

0-97496 

37 

0-88044 

67 

0-80264 

97 

0-78747 

127 

0-68209 

8 

0-97148 

38 

0-87761 

68 

0-80068 

98 

0-73548 

128 

0-68038 

9 

0-96803 

39 

0-87479 

69 

0-79794 

99 

0-73360 

129 

0-67869 

10 

0-96460 

40 

0-87199 

70 

0-79561 

100 

0-73158 

130 

0-67700 

11 

0-96120 

41 

0-86921 

71 

0-79329 

101 

0-72957 

131 

0-67632 

12 

0-95782 

42 

0-86646 

72 

0-79099 

102 

0-72762 

132 

0-67366 

13 

0-96446 

43 

0-86370 

73 

0-78870 

103 

0-7-2568 

183 

0-67199 

14 

0-95113 

44 

0-86097 

74 

0-78642 

104 

0-72376 

134 

0-67034 

15 

0-94782 

45 

0-86826 

75 

0-78416 

105 

0-72184 

135 

0-66870 

16 

0-94454 

46 

0-85556 

76 

0-78191 

106 

0-71993 

136 

0-66706 

17 

0-94127 

47 

0-85289 

77 

0-77967 

107 

0-71803 

137 

0-66543 

18 

0-93803 

48 

0-86022 

78 

0-77746 

108 

0-71615 

138 

0-66380 

19 

0-93482 

49 

0-84758 

79 

0-77523 

109 

0-71427 

139 

0-66219 

20 

0-93162 

50 

0-84495 

80 

0-77304 

110 

0-71240 

140 

0-66059 

21 

0-92844 

51 

0-84234 

81 

0-77085 

111 

0-71065 

141 

0-66899 

22 

0-92529 

52 

0-83974 

82 

0-76867 

112 

0-70870 

142 

0-65740 

23 

0-92216 

53 

0-83716 

83 

0-76651 

113 

0-70686 

143 

0-66682 

24 

0-91906 

54 

0-83460 

84 

0-76436 

114 

0-70503 

144 

0-65424 

26 

0-91596 

56 

0-83205 

86 

0-76222 

115 

0-70321 

145 

0-65268 

26 

0-91289 

56 

0-82952 

86 

0-76010 

116 

0-70140 

146 

0-66112 

27 

0-90984 

57 

0-82700 

87 

0-75798 

117 

0-69960 

147 

0-64957 

28 

0-90682 

58 

0-82460 

88 

0-75588 

118 

0-69781 

148 

0-64802 

29 

0-90381 

69 

0-82201 

89 

0-76379 

119 

0-69603 

149 

0-64648 

30 

0-90082 

60 

0-81954 

90 

0-76171 

120 

0-69426 

160 

0-64496 
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Hsematite               .  488 
Hahnemann's  soluble 

mercury    .  424 

Haloid  salts     .  321 

Hardness  of  water  .  382 
Harrtson's    freezing 

machine    .  51 
Tfansmannite  .  606 
Heat         ...  22 
atomic,  of  elements  248 
capacity  for  33 
change  of  state  pro- 
duced by  .       .  36 
conduction  of  31 
de\'e]oped   by   the 

electric  current  800 
developed  by  friction  61 
dynamical  theory  of  63 
expansion^roduced  by  62 
latent,  of  fusion  .  86 
latent,  of  vaporisation  39 
mechanical  equiva- 
lent of  .  .  61 
of  combustion  .  284 
relations     of.      to 

chemical  affinity  283 

relations  of,  to  work  60 

sources  of     .        .  59 

specific ...  82 

of  elements       .  248 

Heating   rays   of    the 

solar  spectrum  .  86 

Heavy  spar      .  878 
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Helvite     ...  394 

Hemihedral  crystals  273 
Hemmlng's  safety-jet 

135, 185 

Hcpar  sulphuris      .  342 

Heptads  267,  309,  486 

Heulandite      .        .  394 

Hexads    .       .         256, 309 

Hornblende     .  411 

Horn  silver              .  368 

Hydrates  143 

Hydriodic  acid  199 

Hydrobroniic  acid    .  197 

llydrocartM)n8 .        .  172 

Hydrochloric  acid    .  189 

Hydrocyanic  acid    .  186 
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cyanide  186 

dioxide         .  151 
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Iodide  199 
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selenide  226 

sulphides  215 

telluride  .       228 

Hydrogen  and  oxygen, 

slow  combination  of, 
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of  platinum  186 

Hydrogen-salts       .        123 

Hydrometer    .  13 

Hydrometer  tables  533 

Hydroeelenic  acid    .       226 

Hydrosulphuric  acid       315 

Hydrotelluric  acid  .        229 

Hydroxides  142 

Hydroxyl         .        .        263 

Hvdroxylamlne      .       165 

Hygrometer,  dew-point    46 

Hypochlorites  .        193 

Hyponitrites    .  160 

Hypophosphites  236 

Hyposulphates         .        214 

Hyposulphites .  213 

Hyposulphophosphites   241 
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Ice-making  machines  51 
Ice,  melting  of        .  36 
Ignition  ...  177 
Incandescence  177 
Incrustations  in  boilers  383 
Index  of  refraction  72 
Indium     ...  433 
Induction  coil          .  114 
Induction,  electric  .  97 
electro-magnetic  111 
magnetic     .  90 
magneto-electric  112 
Ink,  blue,  sympathetic  499 
Insulation,  electric  .  98 
Iodic  acid                .  200 
Iodides,  meUllic  314 
Iodine      .        .  198 
and  nitrogen  201 
and  oxygen  200 
chlorides  201 
Iridium    ...  523 
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pounds of  526 
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Iron ....  486 
carbonate     .       .  490 
cast,  heat  developed 

by  friction  of    .  63,  492 

chlorides      .  487 

cyanides       .  817 

iodides.        .  488 

nitrates  490 

oxides  488 

phosphates   .  490 

salts,  reactions  of  491 

sulphates  499 
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wrought  492 

Iron  manufactu)-e    .  491 

Iron  metals      167  310.  486 

Isomorphism  249, 275 
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Kalium    ...       331 
Kaolin      .  o93,406 

Kelp         ...        198 
Kermes  mineral  440 

Knpfemickel  .  496 

Kyan*s  method  of  pre- 
serving timber         421 


Labarraqne's     disin- 
fecting fluid     .  385 
Lakes              .  r>90 
Lamp,  argand  182 
Lampblack      .        .  1<;8 
Lamp,  gas-  182 
safety  184 
spirit-  .        .        .  182 
without  flame      .  137 
Lanthanum     .        397, 400 
Lapis  lazuli     .        .  356 
Latent  heat  of  fusion  30 
vaporisation         .  3» 
Laughing-gas  159 
Laumontite              .  394 
Law  of  Avogadro   .  252 
•     Boyle  and  Mariotte  20 
Dulong  and  Petit  247 
Gay  -  Lussac   and 
Humboldt         .  351 
Law  of  equivalents  242 
Law  of  even  numbers  258 
Law  of  multiples     126,  242 
Law,  periodic,  of  the 
atomic  weights  of 
the  elements    .  265 
Laws  of  combination 

by  volume 
Laws  of  combination 

by  weight         125,  343 
Lead        ...  442 
alloys    .        .  445 
carbonate    .  444 
chloride       .  442 
oxides  :        .  443 
red        .        .        .  443 
salts,  reactions  of  445 
sulphide      .        .  442 
tree  299 
vanadate      .  463 
white  ...  444 
Lenses     ...  73 
Lepidolite                .  364 
Leucophane    .  394 
Leyden  jar      .        .  101 
Liebig's  condenser .  43 
Light      ...  70 
blue  or  Bengal  451 
chemical  rays  of  .  86 
dispersion  of  78 
reflection    and    re- 
fraction of       .  71 
polarised  ^V 


""^^^^^^^H^H 

r>i8                                  anms.                              1 

■ 

fiOl 

fM* 

MonolXKlr  ulil* 

n* 

r.llrtituInR  r»Ji       ,       103 

MoMmit 

a™*ute°llq>ign 

M=M«anW     -' 

«» 

Mnltlpllei 

im 

LJiiei.brll|bt,bia;M!tn 

MuUlpln.1«wirf     IM,!« 

»■""■■■'■    K 

Uuttalk  *dd  . 

"* 

IJii.rdI.k.lnii.Ur 

MurlMK'*  Uw                  ») 

Mul         .       .       .       Na 

iunbgu      .      .      na 

Noiihclla         .       . 

Hu«h->  Mrt  tof  (nculc  M7 

Liquid  cLiiKiiu  mil 

Uui«i .       .       .       U» 

moMnm , 

MS 

cWc'^l^^t    SM. 

KLtnic*  . 

c.ita»t    .      .       »1 

MIn 

H* 

UinlUi.  hrtlliig  polBU 

Mbte    .        ■ 

*N 

nl     .        .       .         18 

Kluh!  uM       . 

M«curta«la^<l«l!m■ 

uliydrU*    . 

podUrai  d(.  br  bui  IH 

Kitniiii  at  hntm 

fllSu^iZi^l  ■       '       IM 

MniorT-       ■        ■       <■' 

N'[Crld«Mii«>Ulc   , 

M 

■aioj-.  .      .      .      *aj 

UI 

iililandei              .       «30 

m 

Uttn.l«»tOf       :          M 

OTHIIde        .       .       IM 

tmroaia,  .Ob 

(HDOMor 

nrria~" 

JtTWm 

1«^      irrm   IT 

mib      dnina 

u 

tiy  tte  K 

JTllu.T'fl 

wU  nl     W3 

m-iu™ 

urmrHhiv  im 

HuUi-iiIilliiv  <, 

1lL(!l4ll     909 

HdHi'^ 

Jl.1i.rin 

MoldruiB 

thlortiti 

Mo))-l.il. 

ftmridw 

,■     UA 

Wi-V^v.^ 

nimhlnulnn  of ,  < 
prFpunillim  or  ti 


Pillidiimi 


riUlnDDS  chloride.  I 
poondA  ot,  wItt 


Plsmblc  con: 
Pnenmmilc  i 


'alarlutign  of  IlKht 


ProportloDft  multiple 


RcDDiDeu'ldg-Iroii 


Sk]-*lembrr 
Siil-unin(nil 


pMl  iim«  of 


BolptauHiitlat 
SolphUH 

SalpbtiDolTtxlB<BA  , 

■ulpbMBniPUWi    , 
aliiliu   . 


Dlphm-uVkudbHn  tea 
n^onUod  Ivilnictn  tl» 

ClUOlMS  HI 

oS£»W«       .      ,      «1 


INDKZ. 


551 


Thorite    . 

Tin  . 
alloys   . 
chlorides 
fluorides 
oxides  . 
sulphides 


PAQB 

8i)6 
436 
440 
436 
437 
437 
439 


TiDHMilts,  reactions  cif  439 
Tlncal  ...  856 
Tinned  platu  .  440 
Titanium  440 
Toughened  glntis  405 
Trachyte  .  .  393 
Transpiration  of  gases  184 
Travertin  .  884 
Triads  356,308 
Triba&le  acids  825 
Trimercorodiamine  425 
Trithionic  acid  215 
Trlralent  elements  356,  808 
Trona  ...  849 
Tube-atmolyser  .  133 
Tungsten  479 
Turpith  or  Tarbeth  mi- 
neral .  426 
Twaddcll's  hydrome- 
ter ..  .  534 
Tjrpe,  ammonia       .  363 

hydrochloric  add  81 1 

Type-metal      .       .  450 

-water ...  817 


U. 


Ultramarine    . 

856 

Univalent  elements 

356 

Uranates 

478 

Uranite  . 

476 

Uranium 

476 

Uranium-salts,  re- 

actions of 

478 

Uranotantalite 

468 

V. 

Valentin  Ito      . 

447 

Vanadium 

460 

Vaporisation,  latent 

heat  of 

89 

Vapour,  electricity  of 

103 

FAOB 

] 

PAQB 

Vapour  of  water,  ten- 

Water-vapoar, compo- 

sion of       .  41,  44.  535 

sition  of,  by  V4 

alume  141 

Vapour-densities,  ano- 

Weight, specific 

« 

6 

malous             .       358 

Weights  and  measures 

586 

Vapours,  condensation 

comparison  of  French 

of      .        .        .         44 

and  EngUsii 

537,588 

Vapours,  det^nninaMon 

Weights,  atomic 

136,  344 

of  the  density  of       58 

table  of 

• 

3 

maximum  density  of    44 

Welding  of  iron 

• 

487 

theoreiical  density  of  353 

platinum 

• 

509 

tension  of    .       .         48 

Weldon's  chlorine 

pro- 

Varec      ...        846 

cess  . 

• 

187 

Varvicite                         506 

White  lead 

• 

444 

Verdlter  ...       417 

Wire-drawing 

• 

804 

Vermilion                        424 

Witherite 

• 

878 

Vitriol,  blui.*     .               417 

Wolfram  . 

• 

479 

green    ...       489 

WoUaston^s  battel 

y 

106 

oUof    .                        311 

Wootz      . 

• 

495 

white    ...        413 

Work  and  heat,  relation 

I 

VoUtility  of  metals        805 

between   . 

• 

60 

Volume, combination  by  350 

Wulfenite 

« 

483 

specific                .        353 

Wrought  iron 

• 

493 

Voltaic  battery       .       104 

Voltameter             .       393 

Y. 

w. 

Tttria      .       . 

401 

Yttrium  . 

• 

401 

Wash-botUe                    193 

Yttro-ilmenite 

• 

468 

Water      ...        138 

Yttro-Untalite 

^ 

466 

absorption  of  gases  by  148 

analysis  of  .       .       188 

colour  of              .       141 

Z. 

distilled                       141 

expansion  of,  by  heat  39 

ZafTre 

508 

freezing  of,  by  the 

ZeoliU^s    . 

898 

rapid   evaporaiion 

Zinc 

411 

of  liquid  ammonia     51 

alloys  . 

418 

hardness  of  .               883 

amalgamaicU 

294 

hcjit  developed  by 
fi  iction  of                  68 

carbonate     . 

412 

chloride 

413 

maximum  density  of    39 

oxide    . 

413 

not  an  electrolyte       291 

sulphate 

413 

of  crystallisation         143 

sulphide 

413 

oxygenated         .       151 

Zlncoxyl  . 

364 

solvent  properties  of  143 

Zinc-salts,  reactions  of 

418 

specific  heat  of    .          83 

Zinkenite 

• 

449 

synthesis  of .       .       189 

Zircon 

• 

895 

tension  of  vapour  of    41. 

Zirconia  . 

• 

895 

44.535 

Zirconium 

• 

895 

Water,  sea,  analysis  o'    143 

-salts,  reactions  of 

403 

Water-type     .        803, 863 

ERRATA. 

Page    55,  line  9  from  bottom,  fvr  each  degree  rt'jd  every  5  degrees. 
338,    „   6  ,,  „  alkalis  ,.    alkali. 

349,    ,,  2  from  top,  ,,  tronai 

265,  column  6,  line  6  of  Table, /or  Si 


♦» 
ft 


,,   trona. 
Se. 


»» 


rRINTkI>  J»T  TBMIUL  AVD  OOMPAVT,  BOIXilUBaH, 


J.  &  A.  CHURCHILL'S  CLASS-BOOKS. 


ANATOMY. 

BRAUNE  (WILHELM),  op  Leipzig. 
An  Atlas  of  Topographical  Anatomy   after  Plane  SectionB  of 
Frozen  Bodies.    Translated  by  £.  Bellakt,  F.R.C.S.,  with  34 
Photographic  Plates  and  46  Wood  Engravings,  laige  imp.  8vo, 
408. 

FLOWER  (W.  H.),  F.RS. 
Diagrams  of  the  Nerves  of  the  Human  Body.    Second  Edition, 
Six  Plates,  with  Text,  royal  4to,  12& 

HEATH  (CHRISTOPHER),  F.R.C.S. 
Practioal  Anatomy:  a  Manuax  op  Dissections.    Third  Edition, 
with  240  Engravings,  fcap.  8vo,  12s.  6d. 

HOLDEN  (LUTHER),  F.R.C.S. 
Landmarks,  Medical  and  Surgical.    8vo,  ds.  6d. 

WAGSTAFFE  (W.  W.),  F.R.C.S. 
The  Student's  Guide  to  Human  Osteology.     With  23  Litho- 
graphic Plates  and  66  Wood  Engravings,  fcap.  Svo,  lOs.  6d. 

WILSON  (ERASMUS),  F.RS. 
The  Anatomist's  Yade-Mecum.    Edited  by  Dr  0.  Buchanan  and 
Mr  H.  E.  Clark.    Ninth  Edition,  with  371  Engravings,  crown 
Svo,  14s. 

THE  ANATOMICAL  REMEMBRANCER; 
Or,  Complete  Pocket  Anatomist.    Eight  Edition,  32mo,  Ss.  6d. 


BOTANY. 

BENTLEY  (ROBERT),  F.L.S. 
A  Manual  of  Botany.    Third  Edition,  with  1138  Engravings, 
crov^Ti  Svo,  148. 

BENTLEY  (R.),  F.L.S.,  and  TRIMEN  (H.),  M.B.,  F.L.S. 

Medicinal  Plants:  being  Descriptions,  with  Original  Coloured 
Figures,  of  the  Principal  Plants  employed  in  Medicine,  and  an 
Account  of  their  Properties  aad  Uses.  To  be  completed  in 
about  40  Monthly  Parts,  large  Svo,  5s.  each. 

London:  New  Burlington  Stkee:^. 


J.  ^  A.  CHUROHILL'S  GLASS-BOOKS— Omtinued. 

OHKMTRTBY.  I 

BLOXAM  (C.  L.). 
Chemistry,  luotganlo  and  Orgwilo;  with  Exferiubiitb.    Third 

EiUtion,  with  295  Eu8ra\-inge  on  Wc«wl,  8vo,  16«.  ' 

Laboratory  Teaohing;  or,  pROOBEasrvs  EjcEKCISKa  IS  Practic4I. 
t'HBMi3Tnv,  WITH  Asalyti(;al  Tablbs.    Third  Edition,  with 
89  Engravings,  crown  8vo,  5a.  Cd. 
BOll'MAN  (J.  E.),  and  BLOXASI  (C.  L.) 

Practioil  Obemistiy.  Including  AsalyelB.     Sixth  Edition,  with  9S 
Kngruvings,  fcaji.  Svo,  fls.  6d.  ! 

CLOWES  (FRANK),  D.St.  I 

Fraotioal  and  Analytical  Chemistry,  specially  adapted  for  Schools    j 
und  CollegeH.     Second  Edition,  wiui  4S  Engravings,  port  8to, 
7s  6d.  J 

FOWNES  {G.),  Ph-D.,  F,B.a  || 

A  Manual  of  ChemlBtry,    Edited  hyHasRY  Wattb,  B.A.,  F.H.a, 
Twulnii  E.lili,..!,  »il!i  EnyriiviriH-,  2  vol?.,  cromi  Svo. 
FRANKLAXl)  (E.),  D.C.L.,  F.K.S. 
How  to  Teach  Chemistry.    Sis  LeftiiTcs  reported  nii<l  BUmmari-C'l 
l>.y  G.  Ohalonek,  F.L'.S.   With  47  Euaravmss,  crown  8vo,  fe  tJ.1, 
FRESENIUS  (C.  E.). 

Chemical  Analysia.     Trjin-^lateJ  lur  Arthur  Vacheb. 
Qialitatlvk:  Ninth  Edition,  8Vo,  12s.  6d. 
Qi'AXTiTAinE ;  Seventh  Edition,  VoL  I.,  8vo,  ISe. 
OALLOWAY  fR.). 
The  First  Step  In  Chemistry.    Fourth  Edition,  with  nuraerou-^ 

A  Manual  of  Qualitative  Anaiysia.     Fifth  Edition,  wilh  En^^T.n  - 

KOLLMVER  (A.  H.),  A.M.,  JI.D. 
Chemia  Coartata;  or,  the   Key  TO  Modern  Chemistry,    sii', 

VACHER  (ARTHUR). 

A  Primer  of  Chemistry.     18mo,  Is. 
VALENTIN  (WM.  U,). 

Introduction  to  Inorganic  Chemiatry.     Third  Edition,  wilh  ~i 

Qualitative  Chemical  Analysis,     Fourth  Edition,  with  10  Engrav- 
ili'-s,  ttvo,  "s.  U. 


"L/iNDOS-,  "Sea'^MWLA"s.i\'^^%ra3Er. 


J.  ^  A.  CHUROHILrS  CLASS-BOOKS— ConHnued. 

OHIIiDBEN,  DISEASES  OF. 

ELLIS  (EDWARD),  M.D. 
A  Praotioal  Manual  of  the  Dtseases  of  Ohildxen.    With  a  Formu- 
laiy.    Second  Edition,  crown  8vo,  7s. 

STEINER  (J.),  M.D. 
Ck>mpendium  of  the  Diseases  of  Children.    Translated  firom  the 
Second  Qerman  Edition  by  Lawson  Tait,  F.R.C  S.  8vo,  128. 6d. 


DENTISTRY. 
COLES  (OAKLEY). 

A  Manual  of  Dental  Mechanics.    Second  Edition,  with  140  Wood 

Engravings,  crown  8vo,  Ts.  6d. 

SEWILL  (H.  E.),  M.R.C.S. 
The  Student's  Guide  to  Dental  Anatomy  and  Surgery.    With  77 
Engravings,  fcap.  Svo,  5s.  6d. 

SMITH  (JOHN),  M.D.,  F.RS.E. 
Handbook  of  Dental  Anatomy  and  Surgery.     Second  Edition, 
fcap.  Svo,  4s.  6d. 

TOMES  (JOHN),  F.C.S.,  and  TOMES  (C.  S.),  B.A.,  M.RC.S. 
A  Manual  of  Dental  Surgery.    Second  Edition,  with  262  Engrav- 
ings on  Wood,  fcap.  Svo,  14s. 

TOMES  (C.  S.),  M.A. 
Manual  of  Dental  Anatomy,  Human  and  Ck>mparative.    With 
179  Engravings,  crown  Svo,  10s.  6d, 


EAB,  DISEASES  OF. 

ALLEN  (P.),  M.D.,  F.R.C.S. 
Aural  Catarrh,  or  the  Commonest  Forms  of  Deafloiess.    Lectures 
delivered  at  St  Mary's  Hospital    Second  Edition,  with  Plates, 
post  Svo,  Ss.  6d. 

DALBY  (W.  B.),  F.R.C.S.,  M.B. 
On  Diseases  and  Injuries  of  the  Ear.    With  Engravings,  crown 
Svo,  6s.  6d. 


London:  New  Bublikotom  Stbebt. 


J.  .J  A.  CHVRCHILL'S  CLASS  BOOKS^CotOimied. 

FORENSIC  MBDICINE. 

TAVT.OR  (ALFEED  S.l,  M.D.,  F.R.S. 
The  Prlndplea  and  Pi-actioe  of  Madical  Joriapnidsios.    Souond 

l':ilili<in,  with  1«9  Wood  Eugrai-ings,  2  vols.,  8vo,  31s.  6iL 
A  Manoal  of  Jfedlcal  JurlBprudeaoe.     Ninth  Edition,  witb  65 

niiyravings,  crowu  Bvo,  14b. 
On  FoisoDB  In  Belation  to  Uedicel  lariapmdaiice  and  li 

ThLid  Edition,  with  104  Engnivin^,  croira  Hvo, 


HYGIBNB. 


TA  r;  KES  (K  A.),  M.D.,  F.R.S. 
i  Manual  of  Practical  Hyglaiu.     Fourth  Edition,  with  Platee 
W'oodcnte,  &vo,  ISsk 
WILSDN  (GEOROE).  it.A.,  M.D. 
A  Handbook  of  Hygiene  and  Sanitary  Scieace.     TLinI  E'Iiti<.> 
«illi  EiigravingH,  crown  8vo,  10s.  6d. 

MATERIA  MEDICA  AND  THERAPEUTICS. 

OWEN  (ISAMBARD),  M.R.C.S. 

Tables  of  Materia  Medioa.     Tliin.1  Editiim,  croirn  8vo,  2?.  Cd. 
IHILI-IPS  (CHARLES  D.  K),  M.D. 

Materia  Medioa  and  Therapeutlca :  VtoErABLB  Kinodou.     F\ 

]:f>VLE  (J.  F.),  Jr.D.,  F.R.S.,  .-md  HARLEV  (J.),  M.D. 
A  Manual  of  Materia  Medica  and  Therapeutics.     Sixth  Editi<i 
with  134  Kiij,'rHvings,  cr.  Hvo,  153. 
TIIOROWGOOD  (JOHN  C),  M.D.,  F.E.C.P. 
The  Student's  Guide  to  Materia  Medica.    With  EnKiavingi',  fi-.i 
8vo,  (Is.  6d. 
WAIilXd  (E  J.),  M.D-,  F.RC.P. 

A  Manual  of  Practical  Therapeutics.     Third  Edition,  fcap.  P\ 
1-2^.  Oil. 

LoSDoif-.  New  Uublington  Steedt, 


J,  ^  A.  CHUROHILVS  CLASS-BOOKS^CoiUinued. 

MIDWIFERY. 

BARNES  (ROBERT),  M.D.,  F.RC.P. 
Iiootuxes  on  Obstetrio  Operatioxu:  A  Guidb  to  thb  Makaoe- 
MENT  OF  Difficult  Labour*    Third  Edition,  with  124  Engrav- 
ings, 8vo,  188. 

CLAY  (CHARLES),  M.D. 
The  Complete  Handbook  of  Obstetrio  Surgery;  or,  Short  Roles  of 
Practice  in  every   Emerqency.     Third  Edition,  with  91 
Engravings,  fcap.  Svo,  6b.  6d. 

FIELD  (ALBERT  F.),  L.R.C.P.,  M.R.C.S. 
Hints  for  Obstetrio  Clerks,  with  Aids  for  Diagnosis.    Fcap.  8yo, 
2s.  6d. 

RAMSBOTHAM  (F.  H.)j  M.D.,  F.RC.P. 
The  Frlnoiples  and  Praotioe  of  Obstetrlo  Medicine  and  Surgery. 

Fifth  Edition,  with  120  Plates,  8vo,  228. 

ROBERTS  (D.  LLOYD),  M.D. 
The  Students  Guide  to  the  Praotioe  of  Ifidwlfery.    With  95 
Engravings,  fcap.  8vo,  68.  6d. 

SCHROEDER  (KARL). 
A  Manual  of  Midwifery,  including  the  Patholooy  of  Pregnancy 
AND  THE  Puerperal  State.     Translated  by  Charles   H. 
Carter,  M.D.,  with  Engravings,  8vo,  128.  6d. 

SWAYNE  (J.  G.),  M.D. 
Obstetrlo  Aphorisms  for  the  use  of  Students  commenoing  Mid- 
wiFERY  Practice.    Sixth  Edition,  with  Engravings,  fcap.  8vo, 
ds.  6d. 


PSYCHOLOGY. 


BUCKNILL  (J.  C),  M.D.,  F.R.S.,  and  TUKE  (D.  H.),  M.D. 
A  Manual  of  Psyoh<dogloal  Medidne.    Third  Edition,  with  10 
Plates  and  34  Wood  Engravings,  8vo,  25a. 


London:  New BurlinotonStrsiv. 


FENWICK  (S.),  M-D.,  F.R.C.?. 
The  Student's  Guide  to  Medical 
105  Engiavinga,  fcap.  8vo,  6s.  i 

FLINT  (AUSTIN),  M.D. 
libnual  of  Peroasslon  and  Aosoi 

HEADLAND  (F.  W.),  M.D.,  F.K.( 
The  Aotton  of  UedlcdneB  In  the 


ophthal: 
jones  (t.  wharton),  f.r.s. 

A  ICanwa  of  Opithalinio  Uedlo 

Platea  and  173  Wood  Engw 

lSB.6d. 

MACNAMABA  (C),  F.C.U. 

A  Ibnuol  of  tbe  Diieaees  of 

Colonied  Plates  and  52  Wood 

WALTON  (HATNES),  F.R.C.S. 
a  T>™ff*i-.1  •PTBdtlBe  onDtBeaa* 


J.  if  A.  CHURCHILV8  CLASS-BOOKS-^ConHnuecL 

PHYSIOLOGY. 

CARPENTER  (W.  B.),  M.D.,  F.R.S.,  C.B. 
Frlnoiples  of  Human  PhyBlology.    Edited  by  Mr  Henbt  Poweb. 
Eighth  Edition,  nearly  400  Engrayings,  8vo,  dls.  6d. 

A  Manual  of  PhyBlology.    Fifth  Edition,  with  Engravings. 

[In  prqHMrcUum. 
DALTON  (J.  C),  M.D. 
A  Treatise  on  Human  Physiology.     Designed  for  the  Use  of 
Students  and  Practitioners  of  Medicine.    Sixth  Edition,  with 
316  Wood  Engravings,  8vo,  £1. 

FREY  (HEINRICH),  Zurich. 
The  Histology  and  Histo-Ohemistry  of  Man:  a  Treatise  on  the 
Elements  of  Composition  and  Structure  of  the  Human  Body. 
Translated  from  the  Fourth  Qerman  Edition  by  Arthur  E.  J. 
Barker,  L.R.C.S.I.    With  608  Engravings,  8vo,  21s. 

RUTHERFORD  (W.),  M.D.,  F.R.S.E. 
Outlines  of  Praotioal  Histology.    Second  Edition,  with  63  Engrav- 
ings, fcap.  8vo,  6s. 

SANDERSON  (J.  B.),  M.D.,  F.RS. ;  KLEIN  (E.),  M.D. ; 

FOSTER  (M.),  M.D.,  F.RS.;  and  BRUNTON  (T.  L.),  M.D.,  D.Sc 
Handbook  for  the  Physiologioal  Laboratory:  containing  an  Ex- 
position of  the  Fundamental  Facts  of  the  Science,  with  explicit 
Directions  for  their  Demonstration.    Two  vols.,  with  126  Plates, 
8vo,  £1  4s. 


TERMINOLOGY. 

DUNQLISON  (R.),  M.D. 
Medical  Lexicon:  a  Dictionary  of  Medical  Science,  containing  a 
concise  Explanation  of  its  various  Subjects  and  Terms,  with  Ac- 
centuation, Etymology,  Synonymes,  &c.    New  Edition,  royal 
8vo,  288. 

MAYNE  (R.  G.),  M.D.,  LL.D.,  and  MAYNE  (JOHN),  M.D. 
A  Medical  Vocabulary;  or,  an  Explanation  of  all  Terms  and 
Phrases  used  in  the  various  departments  of  Medical  Science  and 
Practice.    Fourth  Edition,  fcap.  8vo,  10s. 

London  :  Nsw  Bublxngton  Stbbst. 


J.  ^  A.  CHURCHILL'S  CLASS-BOOKS— ConHmed. 


BtJBGEBY. 
BRVANT  (T.),  F,R.C.S. 

The  PraaOae  of  Surgerr:  a  ^Iajidal.  Second  Edition,  witii  &6!) 
En)!raviii|;B  on  Wood.     Two  toIb.  crown  8vo,  25s. 

BELLAilY  (E.),  F.R.C.8. 
Tha  Student's  Guide  to  SurgloBi  Anatomy.    Witli  50  Engraving 
ftnp.  «vi),  6fl.  tiii. 

CLARK  (F.  LE  GROS),  F.R.C.S.,  and 
WAG8TAFFE  (W.  W.),  F.R.C.S. 
OutllneB   of  Surgery  and   Surgloal  Patliology.     8econd  Edition, 
Bvo,  lOfl.  6r]. 

DRUITT  (R,),  F.R.C.S. 

Tile  Surgeon's  Vade-Meoam.  Eleventh  Edition,  with  ntimerous 
EiLgruvi !);.«,  fcap.  8vo,  [In  Ihe  Frtu. 

FERGUSSON  (Sir  WILLIAM),  Bart.,  F.B.S. 

A  System  of  Prantlcgl  Sargery.     Fifth  Edition,  with  463  Eii^ 


J.  ^  A.  OHURGHILVa  OLASS-BOOKS^OariUnuecL 

PHYSIOa 

BROOKE  (CHARLES),  M.B.,  M.A.,  F.R.S. 
The  ElementB  of  Natural  Philosophy.     Seventh  Edition,  with 
Engrayings.  [In  preparation 

KOHLRAUSCH  (F.). 
An  Introduction  to  Fhysioal  Measurements.    Translated  by  T.  H. 
Waller,  B.A.,  B.Sc.,  and  H.  E.  Pbocteb,  F.C.S..    With  En- 
gravings, 8vo,  128. 

RODWELL  (G.  F.),  F.RA.S. 
Notes  on  Natural  Philosophy.    Lectures  delivered  at  Guy's  Hos- 
pital.   With  48  Engravings,  fcap.  8vo,  68. 


ZOOLOGY, 


BRADLEY  (S.  M.),  F.RC.S. 
Manual    of   Ck>mparative   Anatomy    and   Physiology.      Third 
Edition,  with  61  Engravings,  post  8vo,  68.  6d. 

CHAUVEAU  (A.)  and  FLEMING  (G.). 
The  Comparative  Anatomy  of  Domesticated  Animals.    With  450 
Wood  Engravings,  8vo,  £1,  lis.  6d. 

HUXLEY  (T.  H.)  LL.D.,  F.R.S. 
Manual  of  the  Anatomy  of  Yertebrated  Anlmala.    With  110 
Engravings,  fcap.  8vo,  12s. 

Introduction  to  the  Olassiflcation  of  Animals.    With  Engravings, 
8vo,  6s. 

ORD  (WM.  MILLER),  M.B. 
Notes  on  Ck>mparative  Anatomy.    Crown  8vo,  58. 

WILSON  (ANDREW). 
The  Student's  Guide  to  Zoology :  ▲  ManuaJi  of  the  Pbincipleb 
OF  Zoological  Science.    With  Engravings,  fcap.  8vo,  68.  6d. 

London  :  ^sw  Burlington  Street. 


J.  ^  A.  CHURCHILnS  CLASS-BOOKS— CoHtmued. 


PATHOLOGY. 

JONES  (C.n.),  Jl.B.,  F,R.S.,  and  SIEVEKINQ  (E.  H.),  M.D. 
A  Manual  af  Patbologlcal  Anatomy.   Second  Edition,  consideTablT 
Eiilflri^i.,1  iij  Dr  J.  F.  Payne.  With  195  Engravings,  crown  Svo, 
IPs. 

LANTERAUX,  Db. 
AUaa  of  Pathological  Anatomy,  in  G4  Coloured  Plates  from  Nature, 
w-JUi   E,\],luiiu1ory   Text,    Edited  by  W.  a  Qreesfield,  5LD., 
Loudon.  [In  i/rtparaturik, 

VIRCHOW  (RUDOLF),  or  Berlin. 
PoBt-Mortsm  Sxamlnationa,  and  the  Mathod.  of  FsTfonnlng  tham. 
Fcap.  8vo,  2s.  6d, 

WILKS  (S.),  M.D.,  F.R.S.,  and  MOXON  (W.),  M.D.,  F.R.C.P. 
I>ectureB  on  Fatbologioal  Anatomy.    Second  Edition,  witli  7  Steel 


ATLAS   OF   SKIN   DISEASES, 
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Series  of  Ulustratioiis,  together  with  Descriptive 
Text  and  Notes  upon  Treatment. 

By   tilbury  FOX,    M.D.,  F.R.C.P., 
Physician  to  the  Department /or  Skin  Diseases  in  University  College  Hospital, 

In  18  Montlily  Parts,  each  containing  Four  Coloured  Plates 
(several  Figures),  royal  4to,  68.  6d.  each. 

The  complete  Work,   Half-Morocco,   £6,   68. 


*^  No  Atlas  of  Skin  Diseases  has  been  issued  in  this  country  for 
niany  years,  and  no  complete  work  of  the  kind  is  now  procurable  by 
the  Profession.  The  present  work,  brought  out  under  the  editorial 
care  and  supervision  of  Dr.  Tilbury  Fox,  is  partly  based  upon  the 
classical  work  of  Willan  and  Bateman  (now  entirelv  out  of  print), 
but  completely  remodelled,  so  as  to  fully  represent  the  Dermatology 
of  the  present  day. 

The  work  is  completed  in  eighteen  monthly  parts,  each  containing 
four  plates  (several  figures),  all  coloured  and  executed  in  the  best 
style  of  chromo-lithoeraphy,  with  descriptive  letter-press.  Many  of 
the  plates  are  made  from  original  drawings  most  satisfactorily  exe- 
cuted from  life.  The  chief  aim  of  the  Editor  has  been  to  portray, 
not  so  much  the  uncommon,  as  the  common  forms  of  skin  oiseases, 
that  the  Atlas  may  be  a  trustworthy  and  practical  book  to  meet  the 
requirements  of  daily  practice. 


"We  are  inclined  to  think  that  our  countrymen  generally  will 
give  preference  [over  the  Sydenluon  Society's  reproduction  of  Hebra] 
to  this  private  Euglish  venture  ;  not  simply,  however,  because  it  is 
a  home  production,  but  by  reason  of  the  manner  of  its  execution,  the 
excellent  delineation  of  disease,  and  the  natural  colouring  of  the 
plates/' — Brit,  and  For,  Med.-Chir,  Review, 

"  Judging  from  the  merits  of  the  drawings  in  this  part,  we  have 
little  hesitation  in  saying  that  the  completed  work  will  prove  to  be 
one  of  the  best  atlases  of  the  more  common  forms  of  skin  diseases 
extant'' — Lancet, 


London:  J.  dc  A.  Chubohill. 
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CLINICAL   SUEGEETT 

Plates.  Photographs,  Woodcuts,  Diagrams.  &c.. 

Illustrating  Surgical  Diseases.  Symptoms,  and  Accidents, 

Also  Operations,  and  other  Methods  of  Treatment. 

WITH    DEBCRIPirVB    LETTEBPEESS. 

By  JONATHAN  HUTCHINSON,  P.R.C.S., 

.'\:nif}r  ffiirgeon  to  Oie  London  HotpHal,  Surgton  lo  the  HiitfiiaX ,/tr  Dimtnrt  <F  \ 
the  !<kin,  Blact/riitn,  ami  In  Wf  Roj/al  Tjinifon  OphOinlmie  HotpOaJ. 

Ill  Quarterly  Fnsciculi.     Imp.  4to,  6a.  6d.  each. 


*,*  Tluriii^  tlic  lust  twenty  ye.irs  llic  author  has  jjniilufillr  fomieii 
11  con.siik-ral'ln  CVillecliou  of  Dniivinjw,  Photc^raphs,  &e.,  illa-'tratiii^' 
a  great  vsticty  of  mihject^  in  n'liiti<m  to  tlie  Practice  of  Sm-gery  in 
general,  iinil  uuire  pBpeciiilly  with  regard  to  the  Bigniticalioii  of 
Eymptoni:'.  A  selection  of  these  is  now  in  course  of  publication. 
The  work  ajiiwarii  <[narterly,  iu  puparate  fasciculi,  each  coiiiplirte  in 
it^If,  aud  iiceoni]iauietl  by  explanatory  letterpreKs.  In  tielectiii^ 
subjects,  ])rerei'euc«  is  given  to  thtise  which  bear  directly  on  important 
points  of  ilia^'io*''''  ai"'  Irentment,  and  more  cspceially  ^l  iIlu^^mlion» 
of  facts  whi<  1]  have  Ix-eu  only  recently  established,  and  are  not  yrl 
mdely  rectal istil. 

"  It  is  long  since  an  underlakine  mote  creditable  to  Uritieh  Sor- 
gety  has  been  commenced."— Bn(i*S  Malical  Joiirmil 

"The  first  fa.'fcii'ulus  contains  four  plates  of  tlie  hii;hest  onler 
eKcellence,  not  i>nly  as  representations  of  diseases,  but  as  esaiuples  <■' 
artistic  skill." — Lancet. 

"  Mr  HiilchinBon  is  a  gnml  Mirfreon,  a  sound  tliinkiir,  and  a  nio>t 
pleasing  writer."— IJiiWiH  Moik-al  Jnumal. 


